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INTRODUCING LIBRASCOPE’S ELECTRONIC DIGILOG*-1011 
FOR VOLTAGE-TO-DIGITAL/DIGITAL-TO-VOLTAGE CONVERSIONS 


Use it as a precision input unit with computers, data loggers, storage units and other instrumentation. Use 
it wherever conversions must be fast and accurate. For the DIGILOG-1011 performs up to 5,000 voltage- 
to-digital conversions per second, 100,000 digital-to-voltage per second. Digital output is 10 bits plus sign 
in binary and octal code, and may be serial or parallel. DIGILOG-1011’s low-density component packaging 
results in solid-state circuitry offering exceptional reliability and life expectancy, and low initial cost. 
DIGILOG-1011 accepts inputs in these full-scale ranges: +1.023v, +10.23v, +102.3v. Accuracy is +0.03% 
+ bit, and stability is +0.08%. Input resolution: 1 mv minimum. For technical details on the DIGILOG-1011, 
write or call Librascope today. . 


GD (rae MN TS ; 
OLS INI LSIRSZA\ 


tLIBRASCOPE DIVISION | GENERAL PRECISION INC. GLENDALE 1, CALIFORNIA 
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High-quality closed circuit television is now more 
practical than ever. KIN TEL’s new 20/20 camera is 
the reason. It contains its own control circuits. This 
eliminates the separate unit so long traditional with 
high-quality TV systems...lets you connect the 
camera directly to a monitor—or home T'V receiver. 


The 20/20 is easier and less expensive to install, 
operate, service. Yet it gives the sharpest, clearest 
pictures in the industry — 650 lines of horizontal 
resolution. It is so sensitive that you can get usable 
pictures with as little as one foot candle of illumi- 
nation—less than the light now falling on this page. 


Trouble-free operation is designed into the 20/20. 
Transistor circuits are used wherever possible. 
Power consumption is only 25 watts. Protective 
circuits prevent vidicon damage in case of sweep 
failure. And the swing-out circuit boards make 
servicing easy. 


Many standard accessories custom-fit the 20/20 to 
your exact needs. A light compensation circuit auto- 
matically adjusts the camera for light variations 
as great as 4000:1. Motors provide remote control 
of the !ens turret, lens focus, and a lens-speed filter. 
Sync generators assure 2:1 interlace either in the 
standard industry-wide sweep/scan pattern, or in 
the FINELINE pattern that gives you greatly in- 
creased vertical resolution. RF modulators make 
the pictures available on standard TV channels 2 
through 6. 


Cut costs, reduce errors with one of KIN TEL’S com- 
plete lines of high-quality, closed circuit TV. Other 
companies do. U.S. Steel uses KIN TEL TV to see 
inside open-hearth furnaces. E. F. Hutton uses one 
to transmit stock quotations. Los Angeles Depart- 
ment of Water and Power uses KIN TEL TV to check 
steam plant burners and to view remote water-level 
meters. The San Francisco Naval Shipyard uses 
one to guard against pilferage. American Potash 
& Chemical conveyor lines and warehousing opera- 
tions are monitored by KIN TEL TV as are radiation 
studies at General Atomic. KIN TEL TV provides 
detailed surveillance of every type of ICBM outside 
the Iron Curtain. All told, hundreds of KIN TEL TV 
systems are performing critical and routine jobs 
safely, inexpensively, tirelessly. 


Application help is free for the asking. At no obliga- 
tion, KIN TEL field engineers will determine whether 
a TV system can be put to profitable use in your 
application. Just write direct for catalog 6-208 and 
the name of your closest KIN TEL representative. 
There is one in every major city. 


5725 Kearny Villa Road 
San Diego 11, California 
BRowning 7-6700 
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How to convert perforated to magnetic tape 
at a reasonable cost (NOW) 


Tally’s new solid state Model 1433 Paper-to-Magnetic 
Tape Converter is not 10 years ahead of its time. You 
can solve today’s media conversion problems with 
both integrity and economy. 


Normally, input and output data are completely 


identical in content. The output record is a bit for 


bit image of input data. A universal code conversion 
feature is, however, available. 


Without changes or adjustments, the Tally converter 
will accept paper, foil, or plastic tapes in widths vary- 
ing from 5 through 8 levels. It writes data on mag- 
netic tape compatible with IBM 727, 729 Mod 1, and 


SEE US AT WESCON-—BOOTH 2516 
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Remington Rand computer formats. Other formats 
are also available. 


Complete in itself, the system includes a 120 cps 
paper tape reader, a Potter magnetic tape handler, 
and necessary electronics. Price of the Model 1433 
begins at $26,500. Delivery is currently 120 days. 
More information can be obtained from your Tally 
engineering representative or by writing 


TALLY 


REGISTER CORPORATION 
1310 Mercer Street + Seattle, Washington 
MAin 4-0760 
OFFICES IN ALL MAJOR CITIES 
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ENGINEERING 


Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic control systems 





Constant Watts Protection Keeps Power Transistors Cool 
C. S. WALKER and A. M. ROBERTS of General Electric design a circuit that senses 


current and voltage, signals for reduced input when transistor dissipates too many watts 


Reducing Process Disturbances With Cascade Control 


P. U. WEBB of Phillips Petroleum reanalyzes cascade control, placing main attention 
on effects of setpoint and load disturbances and of time constants in secondary loop 


Wiring Terminal Panels by Machine 
R. K. GRIM of IBM and D. P. BROUWER of Gardner-Denver save time in wiring 


complex panels with a wire wrapping machine instructed by a design-checking computer 


Step Input Checks Rate Gyro Damping 


J. A. MAYNARD of Minneapolis-Honeywell tests rate gyro damping in less than four 
min by a method for production lot checking and fast trial and error adjustments 


Magnetic Core Converts Voltage to’ Pulse Duration 
V. A. VAN PRAAG, et al, of Electro-Logic use input to set core flux, switching to genet 
ate proportional time duration pulse, counting clock pulses to yield digital equivalent 


Data File 51—18 Streams Analyzed by Chromatographs 
H. ]. MAIER of Perkin-Elmer tabulates process plants, units, and streams to show how 
a chromatograph column developed for a given stream may be suited to other units 


Pneumatic Logic II: Air Circuitry Applied 
E. L. HOLBROOK of Barker Instrument and Machine continues series on pneumatic 
logic by applying the basic operations to the control of 12 machines and processes 


INFORMATION SYSTEMS 

New Data Entry Device: The Director Card System 

C. E. FAULKNER of Spiegel describes a high density data entry card file for retrieving 
information, read by an operator on the front, coded for machine reading on the back 
The State of Development of Telemetering Components 


C. R. CEARLEY of General Dynamics/Astronautics evaluates telemetering equipment 
to yicld comparable test data useful to designers in selecting components for a system 


Continued on next page ® 





IDEAS AT WORK 
Automatic Scale Weighs Test Chamber Subjects 
]. A. FERRO and B. A. JOHNSON of AMF balance scale with relay, two-speed clutches. 


Grading Transformer Sheets Continuously 
F. H. BAER of McGraw-Hill News tell how to production-check thickness, core loss. 


Cycle Timer for Pilot Plant Control 
R. G. BEECHER, et al, of Esso Research Labs increase process research productivity. 


Digital Actuator Positions Recording Head 
W.H. FAHRINGER of Bryant Computers finds 128 tracks with seven pistons, cylinders. 


Switching Circuit Backs Up Light Source 
N. K. SHANKAR of Bausch & Lomb switches to standby lamp when main lamp fails. 





WHAT’S NEW IN THE CONTROL FIELD 
Newsbreaks 
French automatic beam mill, molecular electronic devices loom; computer heart diagnosis 


Sintering Plant Doubles as Controls Laboratory 


Engineers are learning to apply automatic controls on a full scale production unit. 


Russian Science Stalls; The Soviets Reorganize 
Complete reorganization of the Soviet scientific effort is ordered to cut R & D woes. 


Highlights at ACHEMA 


Europe’s spreading labor shortage heightens interest in control at chemical exhibit. 


Around the Business Loop 


Boom in analog computer control?; Japanese service centers; promotion time at M-H. 





Control Personality— OTTO J. M. SMITH 


This dissident from black boxes could pass for a sociologist or industrial economist. 


Industry’s Pulse—The Market for Underwater Instrumentation 
Four to five billion dollars will be spent in the next 10 years to probe under water. 


Editorial — Problems Don’t Necessarily Mean Failure 


Consider first the objectives a new contro] system must attain, not the problems entailed. 


New Product Developments 


Line of automatic systems for quality testing all phases of electronic-device production. 


Abstracts of Technical Papers 


Proposed automatic central library could grow to 300 million volumes by the year 2000. 
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KEY SPECIFICATIONS 


FREQUENCY 
0 cps to 100 mc 


TIME INTERVAL 
0.02 usec to 109 sec 


PERIOD 
0 cps to 10 mc 


INPUT SENSITIVITY 
1.0v rms 


GATE TIMES (FREQUENCY) 
1 usec to 10 sec in 8 decade steps or 
external. Reads in cps, kc, mc. 


FREQUENCY OUTPUTS 
0.1 cps to 1 mc output in decade steps 


ACCURACY 
+1 count + stability 
+10 nanosecond + stability 


STABILITY 
Short term: +1 part in 108 
Long term: within 5 parts in 108 


PRICE, F.0.B. FACTORY 
$3,950; inline readout $200 extra 
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WEIGHT 25 LBS. 


* SEVEN BASIC FUNCTIONS, including de to 100 mc frequency 
measurements without heterodyning techniques « Time interval meas- 
urements with 10 nanosecond resolution » Straight or totalizing count- 
ing «Frequency ratio measurement «Period measurement «Sensitivity 
better than 1.0v rms « Power consumption 50 watts + Decade count- 
down time base (no adjustments necessary) * Two year free service 
warranty «No vacuum tubes + Connector on rear providing standard 
1-2-4-8 BCD output for operating printer, punch, etc. 


Model 728B is a production unit, not a showpiece 
prototype. Demonstrators are now in the hands of 
CMC engineering reps. Call, wire or write to arrange 
a demonstration. Complete technical data plus a 
copy of our new 20 page short form catalog is yours 
for the asking. 


See Us at WESCON, Booth No. 1524-25. 


Computer 
Measurements 
Company 


12970 BRADLEY AVENUE « SAN FERNANDO, CALIFORNIA 
EMPIRE 7-2161 
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NEW SANBORN “650” 


i 


SYSTEM 


PPT Tae 


OFFERS DIRECT READOUT, 8 TO 24 CHANNELS, ALL SOLID STATE CIRCUITS, FOR RACK 


MOUNTING OR INDIVIDUAL CASES. 


SENSITIVITY 20 mv input gives 8” deflection; 
12 attenuator steps to X5000, smooth 
gain control. 


INPUT RESISTANCE 100,000 ohms all ranges, 
floating and guarded; DC source re- 
sistance must be kept below 1000 ohms 
on mv ranges only. 


COMMON MODE PERFORMANCE Rejection 
at least 140 db at DC, tolerance to 
+500 volts, max. 


GAIN STABILITY Better than 1% to 50°C. and 
for line voltage variation from 103 to 
127 volts. 


LINEARITY 112% of full scale (8 in.) 

NOISE 0.02” peak-to-peak, max. 

MONITOR OUTPUT On front panel; pro- re 
vides +1v full scale across 100,000 


ohm load 


POWER REQUIREMENTS 103-127 volts, 
60 cycle AC, 625 watts 


4 
LN 
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Contact your Sanborn Sales- Engineering Repre- 
sentative for complete specifications and applica- 
tions engineering assistance. Offices throughout 
the U. S., Canada and foreign countries. 


Here’s the one system that lets you record inputs from DC to 
5 KC within 3 db at 4” peak-to-peak amplitudes, without 
changing galvanometers. The “650” system consists of an 8- 
channel medium gain, general purpose amplifier unit driving 
a high speed, high resolution optical oscillographic recorder. 
It can be easily built into your system, packaged in a mobile 
cabinet or housed in individual cases. The single-chassis, 7” 
high amplifier module has 8 separate channels, complete from 
floating and guarded inputs to galvanometer outputs; each chan- 
nel comprises a front end modulator and input transformer, 
carrier amplifier, demodulator, filter and driver amplifier. 
Power Supply and Master Oscillator Power Amplifier are 
built-in. All amplifier elements are plug-in transistorized 
units for easy servicing. 

Immediately readable recordings are made on 8” wide daylight- 
loading ultra-violet-sensitive charts which require no chemical 
development. Features of the 1214" high recorder unit in- 
clude 9 electrically controlled chart speeds from 1}4”" to 
100’/sec; calibrated monitoring screen; automatic trace iden- 
tification and timing lines at 0.01 or 0.1 sec. intervals; 


ae lines spaced 0.1” apart which can be blanked from 


14, 4%, % or all of chart. Recorder is available with an 
8-, 16- or 24-channel galvanometer block which is then 
equipped with the number of galvanometer elements 
desired by the customer. Either the Recorder or Ampli- 
fier are also available as individual units for use with 
other equipment, 


Sew 
SANBORN COMPANY 


INDUSTRIAL DIVISION 
175 Wyman St., Walthem 54, Massachusetts 
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COMPACT 300 VOLT CONTROL RELAY 


relay ever eliat 


New from 





D-C UNITIZED CONTACTORS. 
panels, front or back wiring. Six sizes 


Cutler-Hammer 


New products, new ideas to help your business now 


The air is charged with new ideas at Cutler- 
Hammer... ideas and products resulting from 
our new production facilities, new engineering 
talent, new research programs, and most important 
of all—a new desire to serve you better in the sixties. 
Evidence of this vitality and what it can mean 
to you are these eight typical new products. 


SIZE 5 STARTER Available as starter 
Really smal pen 


re] mere leh t-loncels 


dimensions x 15%e6” x 


- 


¥ e 











You can expect more news from Cutler-Hammer 
around the calendar. Give your Cutler-Hammer 
sales office or distributor a call. They’re all charged 
up too—anxious to tell you more about whai’s 
new al Cutler-Hammer. For descriptive literature 
on any of these products, write Cutler-Hammer 
or call your nearest Cutler-Hammer distributor. 
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For steel or slate 
25 to 600 amperes. 
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ILLUMINATED PUSHBUTTONS Newest addition t 
this versatile oiltight line. Dozens of types, many colors 


CUTLER-HAMMER 


Cutier-Hammer inc., Milwaukee, Wisconsin e Division: Airborne instruments Laboratory « Subsidiary: Cutler- 
Hammer International, C. A. « Associates: Cutier-Hammer Canada, Ltd.; Cutier-Hammer Mexicana, S. A. 
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35 SHOPTALK 
AM eh Solid state in control: September issue 


A solid state inertial guidance system with atomic phe- 
Plunger Type nomena replacing the gyros and ferroelectric materials instead 
of accelerometers. A truly digital pressure measuring device 
in which the output results from the absorption of nuclear 
MERCOID radiation. A data transmission technique with a theoretical 
capacity saeinathien 80 million television channels. These 
MERCURY three dramatic examples are not simply Jules Verne creations. 
ConTROL ENGINEERING editors, below, uncovered intensive 
work under way on these and hundreds of other startling 
projects in the course of preparing next month’s special issue 
on SOLID STATE IN CONTROL. 

But the impact of solid state is not for tomorrow alone. 
Hardware and techniques are commercially available today 
with a flexibility and reliability undreamed of 20 years ago. 
The big September i issue will put the solid state rev olution i in 
perspective. It is the first time solid state phenomena and 
applications have been tailored for the control engineer's inter- 
est and background. Sixty feature-article pages will report 
how solid state equipment increases the capability of every 
part of the control loop. 

You won’t want to miss this special report. 

Editorial head count 





If you need reliability and dur- Recently expanded, here's the staff that keeps you the 


ability, this quality built relay by 
Mercoid is your answer. 

For heavy duty loads, such as 
resistance heating, (domestic, 
commercial, industrial) —heat 
treating furnaces, drying equip- 
ment, welding, lighting, illumi- 
nated signs, score boards. 
Hermetically sealed mercury to 
mercury contact provides visible 
on-off operation. Silent and chat- 
terless. Quickly mounted, easily 
wired. Speeds up to 100 opera- 
tions per minute. 


world’s best-informed readers on all dev elopments in control. 





CONTACT RATING 





NON INDUCTIV 
LOAD HEATER LOADS 


ac; oc AC ONLY 


120V, .}15A.] 120V. - P 
240V.] 20A./10A.} 240V. ‘ aa , A 
440V.| 8A.) — 440V. . . P. J. Gordon 


























THE 


MERCOID 


oe] a tel e-aslel, & 
4209 Belmont Ave., 
Chicago 41, Ill S. S. Livers R. F. Heslen 
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SORTING 


trap door 
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PUNCHING 


solenoids 


The examples shown above have one 
thing in common. They fit into com- 
pact space. Design engineers, for ex- 
ample, often find that a Ledex Rotary 
Solenoid will fit into one-quarter to 
one-half the space of a straight pull 
solenoid. 

This compactness results from the 
unique Ledex design which converts 
an efficient short axial stroke into a 
high torque to size rotary motion. A 
more uniform force is produced 
throughout the stroke, making use of 
otherwise wasted energy at the end 
of the stroke. This rotary motion can 
be used directly as in the cutting and 
sorting examples above, or can be 
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knife 


LEDEX 
Rotary 
Solenoid 


Compact Solutions 
with Ledex 
Rotary Solenoids 
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ue-to-size rotary motion 
igh-thrust-to-size piston motion 
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converted into linear motion, as in 
the punching example. 

Ledex Rotary Solenoids come in 8 
compact sizes, with operating volt- 
ages from 3 to 350 VDC. Choice of 
over 250 stock models ready for im- 
mediate shipment. 

Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications. Write for lit- 
erature mentioning application to 
Ledex Inc., Dayton 2, Ohio; Mars- 
land Engineering, Ltd., Kitchener, 
Ont.; NSF Ltd., 31 Alfred Place, 
London, Eng.; AEMGP, 115 Ave. 
Clement, Boulogne, France. 
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New DAYSTROM Man 


Who Brings You Coordinated Procurement of 
Gyros...Servos...Synchros...Transducers 


He represents, as a sales engineer, not one, but several coordinated 
Divisions of Daystrom. 


He’s trained and equipped to discuss product capabilities and application 
in many component areas. 


This flexibility enables him to serve you in many more ways—far 
more often—far more effectively—_far more deeply, especially where 
work with engineering departments is required. 


He’s backed up by the specialized field engineering forces of each of 
the divisions he represents. 


He brings you unified responsibility—in delivery, product quality and 
compatibility all of which equates with considerable economy for you. 


You’ll find your Daystrom Sales Engineer helpful in more efficient 
component procurement. Make full use of his services. Call: 


Atlanta, Ga. CE 7-8278 Redwood City, Calif. EM 9-4871 


Bedford, Mass. CR 4-6640 Seattle 4, Wash. MU 2-3355 


Chicago, Ill. 


Dayton, Ohio 


Denver, Colo. 


FL 4-7200 
AX 39-5241 
AC 2-4497 


Washington, D. C. 


West Caidwell, N. J. 


RE 7-1366 
CA 8-0240 


Green Lawn, L. I., N. Y. Fl 7-6087 Gloucester, England GL 20217 


Los Angeles, Calif. OR 0-7260 Cooksville, Ontario, Can. AT 93191 


Norristown, Pa. BR 9$-9800 


Pasadena, Calif. SY 3-9164 Cable DAYIN NEWARK 





Or write Coordinated Procurement Services, Daystrrom INCORPORATED, West Caldwell, N. J. 


of 


m4 DAY STROM s INCORPORATED 
a” 
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DAYSTROM- PACIFIC: vertical, free, and rate gyros © programmers © data recorders 

DAYSTROM-TRANSICOIL: servo and synchro components ¢ electromechanical assemblies « airborne instrumentation 
DAYSTROM-WIANCKO: transducers for sensing pressure, force, acceleration © analog and digital dynamic measuring systems 
OTHER PARTICIPATING DIVISIONS: ELECTRIC DIVISION © MILITARY ELECTRONICS DIVISION © WESTON DIVISION 
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36 or more 
fully controllable 
images 


from one Kollmorgen 
projector system 


Ships, planes, and submarines to 
simulate combat maneuvers on 
battle terrain were required for 
a naval classroom training de- 
vice. The problem was taken to 
Kollmorgen . . . and solved with 
a unique projector system that 
can produce up to 36 individual 
silhouettes of military warfare 
equipment—fully controllable at 
any speed, in any direction, and 
on any screen or wall. Depending 
upon design parameters, as many 
as 144 images or more could be 
provided. 

The multi-image projector oper- 
ates by utilizing a variable num- 
ber of image projectors to cast 
preselected images on a screen. 
A separate projector system pro- 
vides stationary grids or charts. 
Thus, images can be maneuvered 
on simulated battle environments 
by remote control. 

Kollmorgen. offers specialized 
optical /electronic/mechanical 
skills to meet all kinds of spe- 
cialized or unconventional re- 
quirements. Write Dept. 5-8. 


PRESENT US WITH A PROBLEM. 


(« KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 


jc 
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Exponent jumped parenthesis 


To tHE Eprror— 

In reference to Entry 4 of Table | 
of my article on saturation functions, 
published in the February 1961 issue 
of Contro.L ENGINEERING, the defini- 
tion should be 


ef, 1/4 ? 
T 3\T 
ef,_1/4 

T s\ T Jt 


S. Manabe 
Mitsubishi Electric Manufacturing Co 
Amagasaki, Hyogo Prefecture, Japan 


instead of 


How did that sneak in? 
To tHe Eprror— 

It has come to our attention that in 
the article “How Industry Sees Micro- 
miniaturization”, in the April 1961 
issue of CONTROL ENGINEERING, the 
term “Semi-Nets” is attributed to the 
integrated circuit device offered by 
Fairchild Semiconductor Corp. 

“Semi-Nets” (for semiconductor in- 
tegrated networks) is a trademark of 
the Sperry Rand Corp. and designates 
a line of integrated components cur- 
rently being developed and manufac- 
tured by the Sperry Semiconductor 
Division. 

Sperry Semiconductor presently 
manufactures this series of integrated 
components for computer and missile 
applications in pilot line quantities. 


G. W. DeSousa 
Marketing Manager 
Sperry Semiconductor Div. 
of Sperry Rand Corp 


A possible misunderstanding 


To tHe Eprror— 

We are deeply concerned with the 
recent publication of the results of the 
P. R. Mallory survey, “How Industry 
Sees Microminiaturization”, Cth, 
April 1961, page 115. We, of course, 
are not challenging the answers or 
opinions of the approximately 550 
individuals contacted by Mallory. 
But we are hopeful that the recipient 
of the Mallory survey had a clear un- 
derstanding of the MECA system be 
fore receiving the survey, for if he had 


not, he certainly would be misled by 
the description. Actually, we were 
quite surprised to see our MECA sys- 
tem listed as a microminiaturization 
technique. 

In reality, MECA is a system for 
interconnecting microminiaturized cir- 
cuits. Each of the techniques men- 
tioned in the survey described a 
specific technique or process used to 
develop a functional circuit block or 
wafer. None of the techniques men 
tioned how these functions shall be 
interconnected together or maintained 
within a system. The many variations 
of the MECA packaging philosophy 
are intended to supply the intercon- 
nection and maintainability features 
required for use with each of the 
systems mentioned in the survey, as 
well as others. 

To cite the complete misconception 
of MECA by the survey recipient, let 
us examine just one question: “How 
do you rank these techniques on over- 
all usefulness to your company during 
the four time periods indicated?” 

The cordwood technique was rated 
to be useful through 1965 and MECA 
only until 1961. ‘To verify the enthu- 
siasm the industry has begun to show 
for the association of MECA and 
cordwood, let us cite Bendix as an 
example. Bendix Radio Corp., Tow- 
son, Maryland, has established a sepa- 
rate section to market cordwood-type 
circuits for use in the MECA system. 
We have also been approached by 
several other manufacturers who wish 
to establish the same marketing capa 
bilities. Certainly, these companies are 
not interested in a technique duration 
of only six months. 


Harry Wasiele, Jr. 
Product Sales Manager 
AMP-MECA Section 
AMP, Inc. 


We too hope that there was no 
misunderstanding of the survey in- 
formation. A convenient way of inter- 
connecting and servicing microminia- 
turized devices is a must. Ed. 


Another added entry 
To tHe Eprror— 

With reference to Mr. Shaw’s arti- 
cle on page 127 of February 1961 issue 
(‘““What’s Available for Data Trans- 
mission”), Epsco, Inc. announced the 
availability of the Model DL-100 Digi- 
tal Data Link, specifically designed 
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One of the latest developments in Fairbanks, 
Morse’s 131 year experience in the weighing 
business is the new Batchetron. It is specifi- 
cally designed for fast, accurate proportioning 
of any material that can be pushed, poured or 
dropped into weigh hoppers. It uses high- 
speed electronic methods to weigh and batch 
a number of liquids or solids—in sequence or 
simultaneously—by means of manual or 
punched card control. 

The Batchetron is easy to set. Its high-speed 
action assures positive cutoff of ingredient 
flow. Interlocks prevent incorrect operation . . . 
halt operation if anything goes wrong. An 
improved, electronic weight-sensing system 
provides long, accurate, trouble-free -service 
with exact batch repeatability every time. At 
all times control of operations is lightning fast. 

The control panel of the Batchetron allows 
the operator to adjust for hopper tare weights, 
while pilot lights indicate batching startup, 
sequence and finish, 


TIME SAVER. 


MONEY SAVER... 
THE NEW FAIRBANKS-MORSE 


BATCHETRON 


Use of the F-M Batchetron results in sub- 
stantial time and money savings for the chemi- 
cal and food industries . . . for concrete and 
asphalt batching plants . . . for the many appli- 
cations where high-speed weighing and’ pro- 
portioning are important. And, of course, the 
many years of Fairbanks-Morse precision 
craftsmanship stand behind every Batchetron. 

Learn what the Batchetron can do to make 
your operations more profitable. 


Write: Fairbanks, Morse & Co.; Elec- 


tronics Division; 100 Electra Lane, 
East Station; Yonkers, New York 


ELECTRONICS DIVISION 


FAIRBANKS MORSE 


A MAJOR INDUSTRIAL COMPONENT OF 


FAIRBANKS WHITNEY 
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in SYNCHRO 
RELIABILITY 


HAROSYN? the 
Brushiess Synchro 


Pat. Pending 


2000-5000 Hrs. Operational Life Guarantee: Life 
is limited only by ball bearings. 


Eliminates Brushes: Wear, brush bounce, elec- 
trical discontinuity and variable null voltages 
during shock and vibration, Radio Frequency 
Interference. 


Eliminates Slip Rings: Wear, surface film or oxi- 
dation which can cause arcing and brush burnout. 


Interchangeable: Mechanically and functionally 
with conventional synchros for almost all synchro 
applications. 


Available: In sizes 5, 8, 10 and 11 for the conven- 
tional Synchro functions. 


HAROSYN features a rotary injection transformer in which the 
primary windings and the secondary windings are made a rigid 
integral part of the housing and rotor assemblies respectively. 
No mechanical contact whatever is made between rotor and stator. 
Eliminates approximately 20 parts. Meets and exceeds all applicable 
portions of MIL-S-20708. 


See HAROSYN, the brushless synchro, at the Wescon Show, 
Booth 4510. 


For further information write for Catalog 103. 





HAROWE | SERVO CONTROLS 


HAROWE SERVO CONTROLS INC. 
West Chester Pike at Westtown Road 
West Chester, Pennsylvania 
Telephone: OWen 2-2700 











Ty MW 


if 


Motors: Servo, Synchronous, Stepper, Velocity Damped Magnetically Braked. 
Motor Generators * Gearhead Units * Synchros * Servo Assemblies 
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| FEEDBACK 


for transceiver operation over com- 
munication circuits, over a year ago. 
The DL-100, with selfcontained mag- 
netic tape recorder/reproducer, is 
capable of transmitting and receiving 
over telephone or teletype lines or mi- 
crowave link at rates far in excess of 
those quoted. At the same time it will 
operate without modification within 
rates presently set by tariff and directly 
with the Bell Model 200 Data-phone 
subset. We trust you will note this 
oversight in an otherwise well docu- 
mented review, 
Robert E. Wright 
Product Manager 
Epsco, Inc. 


In a forthcoming article covering 
error-correcting techniques in digital 
data links, Control Engineering hopes 
to include all equipments not discussed 
in Mr. Shaw’s first article. Ed. 


The curtain parts .. . 


To tHe Eprror— 


In the June 1960 issue of Conrror 
ENGINEERING, page 27, a European 
Report on automation in Hungary 
quoted me five times in connection 
with statements on the “sad state” of 
Hungary’s instrument industry. I im- 
mediately protested to you in detail on 
this distortion, which was followed by 
a long silence. Since you now finally 
agree to publish “10 cm in Feedback 
Column”, please inform CtE readers 
as follows: 

1) The “original report” was in fact 
a one-sided excerpt of a critical ap- 
praisal on Hungary’s present five-year 
plan for the instrument industry, pub- 
lished over my signature by the Gov 
erning Board of our Society in the 
February 1960 issue of our journal 
“Mérés és Automatika”, which is sent 
as a complimentary exchange copy for 
CtE. These facts were withheld from 
your readers. 

2) Our Society and the Editorial 
Board of “Mérés és Automatika’”’ dis- 
approve of one-sided abstracting of 
this kind and offered that CtE publish 
a review of other articles from the 
same journal, reflecting the very sig- 
nificant advance of our instrument in- 
dustry during the past 10 years despite 
growing pains. To date, Controu En- 
GINEERING has not used this material 
to correct the false pictuce previously 
presented to its readers. 

Asst. Pros, Gy. Striker 
Vice President, Hungarian Society for 
Measurement and Automation 

(... and closes again. Ed_) 
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General Instrument Planar Transistors 
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At last! Atruly passivated planar! New 2N708 silicon switch 


For high speed logic switching with assured reliability, the General Instrument 2N708 npn silicon planar 
switch features the unique Molecular Shield™ surface-passivation process, @ Here’s a planar that is stable, 
reliable and uniform...lot by lot...with excellent gain characteristics as well as extremely low leakage 
current. Designed for switching applications, this type, as well as others in the popular 2N706 class, utilizes 
the latest planar techniques. @ Extensive tests have proved that this type of transistor construction offers 
definite circuit advantages. Life tests, for example, indicate little degradation as a result of operation and 
storage at high temperatures. g The immediate availability of the 2N706 series in production quantities 
should be of interest to designers now using our silicon mesa transistors. The 2N708 is also available in 
limited quantities. For microtransistors, pancake-package transistors... for all your silicon planar and mesa 
transistors, call the sales office or franchised distributor nearest you. Or write for complete details to General 
Instrument Semiconductor Division, 65 Gouverneur St., Newark 4, N.J. 


Abbreviated Specifications—General Instrument NPN Silicon Planar Transistors 


25 nsec 


25 nsec 


GENERAL INSTRUMENT SEMICONDUCTOR DIVISION | 
GENERAL INSTRUMENT CORPORATION oe 
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LINE 


M-LINE CONTROLLER ... heart of the 
M-Line Control system 


Not “just another” electronic miniature line... 
but the most advanced design for process control 


Evaluate it yourself, against your control require- 
ments. You'll quickly find that M-Line is the one minia- 
ture electronic control that’s significantly different. 

Based not only on L&N’s direct experience in design- 
ing and building more than 70,000 electronic con- 
trollers, but incorporating as well many of the ideas 
suggested by instrument specialists in the process 
industries, this advanced instrumentation offers you a 
unique combination of advantages: 


WIDEST SCOPE OF COMPATIBILITY IN OPERATION 
Can be used with virtually any commercially available 
primary element transmitter which produces a d-c 
current or voltage signal; can be integrated with data- 
handling or computing equipment; 


SIMPLEST FUNCTIONAL DESIGN . . . Operation is un- 
complicated, quickly understood by operators; 


UNMATCHED INTERCHANGEABILITY OF COMPONENTS 
M-Line display and/or control units of varying 
sophistication can be readily substituted (simply 
plugged into the basic stations) even after installation 
and start-up; 

OUTSTANDING FLEXIBILITY IN OPERATION AND IN APPLI- 
CATION. . . By-pass of signal to “end-operator” per- 
mits process operation even when various control sys- 
tem components are removed. Additionally, standard 
M-Line components form building-blocks for control 
systems of varying complexity. 

Check the features listed . . . just a few of the engi- 
neering details that make M-Line an exceptionally 
sound and economical investment. Your local L&N rep- 
resentative has the full story ... or for more detailed 
information write to Leeds & Northrup Co., 4918 
Stenton Ave., Philadelphia 44. 





Re 
| es LEEDS & NORTHRUP CO 
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M-LINE CONTROL STATION 


Unitized construction—only 6” x 6” front-of-panel 
space required for complete one- or two-pen 
recorder and controller, including set-point unit, 
auto-manual unit, and control unit. 


Simple auto-manual circuit design guarantees 
“bumpiess” transfer from manual to auto, whether 
“on"' or “off” control point—no balancing required. 
Easy to read—set-point index and measuring 
index use same calibrated scale. 

Controller transistorized, with high-impedance 
Nuvistor input stage—circuitry proved by years 
of industrial experience. Deviation from set-point 
will produce rate action, but due to circuit design, 
no rate upset is introduced when changing the 
set-point itself. 

Control function adjustments in rear, to prevent 
tampering by unauthorized personnel. 


Forward- or reverse-acting control achieved by 
switches, protected by foolproof locking plates; 
auto-manual station operation always the same, 
regardless of direction of control. 

Available with 2- or 3-mode controllers. Propor- 
tional Band : 0-300%, continuous. Reset: Adjust- 
able from 0.2 to 1000 repeats per minute for 2-mode 
controllers, 18 well-spaced steps; 0-100 repeats 
per minute for 3-mode controllers, 18 well-spaced 
steps. Rate: 0-8 minutes, continuous. 





Recorder or 
Indicator 
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M-LINE Tc/ EMF TRANSMITTER 
Measures any 0-5 to 0-60 mv d-c signal span 
from —60 to +60 mv. 

Transistorized circuits; Zener-diode reference. 


All TC/EMF amplifiers interchangeable, regard- 
less of application. 


Range, reference junction compensation, and 
zero suppression resistors mounted on easily- 
changed card on terminal board. 


Noise-free output signal with standard ranges 
of 1-5 ma or 0-4 ma into 500 to 2500-ohm load. 
Input and output completely isolated—avoids 
grounding problems. 


M-LINE INDICATORS 


Available as one- or two-point indicators. 


Clear, 3” scale-length with continuous 
indication. 


Easy to install and service; completely inter- 
changeable with recorder—same case, same 
plug-in attachments. 


& 


LEEDS & NORTHRUP 
Pioneers in Precision 
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SPEEDOMAX M RECORDERS 
Available as one- or two-pen recorder with 
amplifiers completely encased. 

4” vertically-driven chart with continuous line 
record. 

Potentiometric measurements of 4 v d-c (0-4 
ma or 1-5 ma) using high-torque servo mecha- 
nism with optional retransmitting slidewires 
and high and low alarm contacts. 

Recorder completely independent of the control 
circuit. 

Recorder amplifier circuitry on printed cards 
for simplicity. 

Sturdy 6” x 6” x 23” case and rugged mounting 
—-withstands rough handling and supports 
unusual loads. 


Available with mercury-bottle disconnects for 
use in Class 1, Group D, Division 2, and many 
other safety features. 


M-LINE ELECTRO-PNEUMATIC 
CONVERTER 

Mounts in any position, in any location. 
Resistant to vibration. 
Weather-proof. 
Maximum safety: uses minute energizing 
current, provides continuous air-purge of 
fumes. 
Pressure output can be locked-up, in event of 
power failure. 


Can be used with any controller having a 1 to5 
ma d-c current output. 
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Less than 2 seconds from computer to large 
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screen display WITHOUT DARKENING THE ROOM! 


The new, advanced S-C 2000 bright display 
system developed by General Dynamics/ 
Electronics produces an entire large screen dis- 
play less than two seconds after data are trans- 
mitted from the computer. The unique yet simple 
principle of the S-C 2000 results in high-contrast 
storage displays with unsurpassed brightness and 
resolution for information presentation on both 
console and large screens. 

The S-C 2000 will display both video and 
alphanumeric data of all kinds simultaneously 
with any type of overlay. Display information 
need be transmitted only once from the data 
source owing to the inherent storage capability 
of the S-C 2000. The unit also provides both fail- 
safe retention of data and various types of per- 
manent hard copy. Completely dry processing is 
incorporated with data rates of 40,000 separate 
characters per second. Scale changing, category 
commands and display selection are accom- 
plished at the control console, without interrupt- 
ing the computer. 

A capability exists for seven color displays or 
data may be viewed as white against black or 
black against white. Resolution is 2000 lines on 
each axis. The S-C 2000 was developed under 
the auspices of the U.S. Air Force and Mitre 
Corp. If your requirements include computer 
display systems, we invite you to write for more 
information on the S-C 2000, a product of the 
company that produced the display control 
center for Project Mercury, General Dynamics/ 
Electrenics, Information Technology Division, 
Dept. B-41, Box 2449, San Diego 12, California, 
or contact the representative in your area. 


The first 
developmental 
S-C 2000 
console delivered 
to Mitre Corp. 





Gilli, D 
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Navigation by sure eye and steady hand 


Ferdinand Magellan successfully steered 
his ships around the world with the aid of 


an “‘astronomical ring”... one of the nav- 
igational wonders of his age. Hung from 
the steady hand of a sure-eyed seaman, 
readings were taken by sighting through 
the rings. Set for the month and day of 
the week, this ingenious device employed 
the sun's declination to first determine 
latitude, then the hour and finally the 
meridional point of the ship's position. 

Today, the ‘‘sure eye and steady hand”’ 
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of Arma’s inertial guidance system solves 
the intricate problems posed by navigat- 
ing in space ... keeps space vehicles on 
course by sensing the most minute 
changes from programmed speed and 
direction. And, despite its precise capa- 
bilities, the sensing gyro of the guidance 
system is small enough to be completely 
encompassed within Magellan’s unique 
brass rings. 


Arma, developer of the all inertial Atlas 
guidance system, airborne fire-control 
systems, weapons systems for all Navy 
submarines, and pioneer in space re- 
search programs, provides industry and 
the defense establishment with products 
and systems of top reliability and value. 
ARMA, Garden City, New York, a division 
of American Bosch Arma Corporation. . . 
the future is our business. 


“Visit us at booth 4126-4128—WESCON SHOW" 


AMERICAN BOSCH ARMA CORPORATION 
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Prof. Otto J. M. Smith could easily pass for a 
sociologist, industrial economist, or authority on 
international relations. He has managed to escape 
his technical environment to contemplate some of 
the aesthetic aspects of life, to enrich his control 
studies by applying a broad human counterpoint 
to his technical thinking. As a result he embraces 
some unique viewpoints. 

The 44-year-old professor of electrical engineer- 
ing at the University of California has plumbed non- 
linear controls. He has been an advocate of mode 
saturation, or the “bang-bang” control based on 
the research of the Russian Pontryagin, instead of 
proportional control. Much of his fundamental 
study is now being used in systems that “work at full 
force or not at all” in satellite attitude controls. 

His current interest is formulating what he calls 
the Value Function Approach to continuous proc- 
ess control. Says Dr. Smith, “I’m examining a 
system’s outputs in dollar value because the prime 
value function of any process is the dollar function. 
That is what an industrial user is really trying to 
optimize in process control.” 

As you might expect, the approach is radical. In 
contrast to what many control engineers are think- 
ing, Smith says the engineer does not need a de- 
tailed mathematical model of a process to develop 
a workable optimization of a control system. In- 
stead, he bases his approach on a calculated igno- 
rance of the nonlinear process equation. And he 
claims that this kind of optimization doesn’t require 
a computer. He says, “It’s foolish to drive and store 
in a computer something you already have.” 

The UC professor uses a gas diode or a noise gen- 
erator to disturb the setpoints slightly over a pro- 
grammed pattern of time periods while the plant is 
in actual operation. Changes in the dollar output 
are observed and correlated with the perturbations. 

Two important refinements have been added to 
the basic theory of input perturbation by Dr. Smith 
and his UC colleagues. For one, Smith adds an 
“identifying loop” to compensate for delays in- 
herent in the process between perturbations and 
output so that the process is in phase with the 
perturbations. The loop can be built without any 
knowledge of the process since the phases can be 
determined automatically. And because Dr. Smith’s 
approach works with the slope of the value curve, 
rather than with the best previous setting, it op- 
erates continuously, not on a sample basis. 

Since Otto Smith earned his Ph.D. degree in 
Electrical Engineering at Stanford University in 
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A CONTROL PERSONALITY 


Otto J. M. Smith 


dissident from black boxes 


1941, after taking a B.S. degree in E.E. and a BS. 
degree in chemistry concurrently at Oklahoma 
A&M College, he has been a peripatetic observer 
of the control scene. He has already visited 30 dif- 
ferent countries in the capacity of visiting professor, 
fellow, lecturer, conference delegate, or tourist. For 
two years, 1954 to 1956, he was visiting professor 
of servomechanisms at Instituto Tecnologico de 
Aeronautica at Sao Paulo, Brazil. Last year, for 
seven months, he conducted research at the Institut 
fiir Regelungstechnik, Technische Hochschule, in 
Darmstadt, Germany. He ended last year’s stay 
in Europe with a forty-day camping trip through 
the Soviet Union. 

Despite dissident thought and intensive travel, 
Smith has already jammed into his lifetime the 
equivalent of several careers. Before he joined the 
University of California in 1947, he taught at 
Tufts and at Denver University. He was a research 
engineer at Westinghouse Electric and chief elec 
trical engineer for the Scranton Record Co. He is 
the author of the textbook, “Feedback Control 
Systems”,* the inventor of a low-frequency sine 
function generator, an X-ray thickness gage, a 
constant-frequency variable-speed generator, and a 
controlled-torque ac motor. He has published about 
50 technical papers and writes about 10 a year, many 
of which are presentations at technical meetings 
and are not published. 


*McGraw-Hill Book Co., Inc., New York, N. Y., 1958 





Versatile programming 
Fast data transfer 


Flexible BCD input 








SPECIFICATIONS 


Printing Rate: 5 lines/sec. maximum 


Column Capacity: To 11 columns (12 available 
on special order) 

Print Wheels: 12-position, 0 through 9, a minus 
and a blank (Many special character wheels 
available from stock) 

Driving Source: Parallel-entry 4-line BCD, 1-2-2-4. 
Other codes available on plug-in cards. Source 
reference voltages establish “0” and “1” states, 
which may be as much as 100 v above or below 

round. “1” state 4 to 75 v above “0” reference. 
riving power approx. 30 va into 270,000 ohms. 

Print Command: + pulse, 20 usec or greater in 
width, 6 to 20 v. 

Hold Signal: (Available for each data source) 
—7 vto + 15v and + 15 v to —7 v. 


Transfer Time: 2 msec 
Paper Required: Standard 3” roll or folded 
Line Spacing: Single or double, adjustable 


Size: Cabinet, 2034” x 124%” x 184%"; Rack, 19” x 
1042” x 16%” deep behind panel. 


Price: @ 562A (cabinet) or @ 562AR (rack mount) 
$1,600.00 to $2,200.00 depending on options. @ 
580A Digital-Analog Converter, price on request. 
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plug-in programming for each 
Taletaaceler-] more) lUiaslammotelel-ms) oh dlelar> 


with plug-in column cards 


takes just 2 msec; 
prints up to 5 lines per second 


1-2-2-4 BCD input is 
Ie lalel-leeBameltl-lMlileltiarVelirys)(> 


all yours with this 
new @) 562A 


SOLID STATE 
DIGITAL 





New, solid state @ 562A Digital Recorder prints digital data on 3” 
paper as fast as 5 lines per second, each line containing up to 12 digits. 
The instrument incorporates a unique data storage unit for each digit 
column that allows the data source to transfer data to the recorder in 
just 2 milliseconds, after which the source is free to collect new data. 


Besides the standard parallel-entry 4-line BCD code (1-2-2-4), you can 
easily use other 4-line codes just by substituting plug-in column cards. 
Ten-line code operation (without data storage feature) is also avail- 
able with plug-in cards. 


Further, @ 562A accepts dual input (optional) and prints data simul- 
taneously from two unsynchronized sources. A “patch panel” permits 
programming these two separate, unsynchronous inputs (even if 
coded differently) in any manner. Combinations of plug-in column 
code cards and “patch panel” column programming give complete fiex- 
ibility in both dual-source data acquisition and data print positioning. 
Analog output for high-resolution strip chart and X-Y recording is 
available as an extra-cost built-in feature of the 562A or through the 
new ® 580A Digital-Analog Converter, a separate solid state, high- 
precision instrument. 

Designed for use with solid state and vacuum tube counters, Model 
562A is ideal for a wide variety of individual and system applications. 
Call your ® representative today. 


HEWLETT-PACKARD COMPANY 


1082H Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 


Sales representatives in all principal areas 


HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 7087 
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Wewsbre aks 
in Control 


France Gets Europe’s First Automatic Stee! Mill 


Paris—A new steel-beam mill now being built at Hayange, France, by 
DeWenden et Cie, S.A., will be the first completely automatically con- 
trolled steel mill in Europe. A Westinghouse Prodac control system will 
direct 42 de mill motors. Mode of control can be full automatic, semi- 
automatic, or manual. Scheduled completion date: late in 1962. 


Data Collectors Automate Purchasing Function 


Los Angeles—With the installation of Teletype data collection machines 
in Receiving, Inspection, and Purchasing Departments, North American 
Aviation’s Space and Information Systems Division has virtually instan- 
taneous control of purchasing functions. The IBM Ramac 305 (soon to 
be replaced by an IBM 1401) data processing system automatically issues 
purchase orders, emergency materiel notices, and materiel status reports. 
System reduced required inventory space by 20 per cent and paperwork 
personnel by 40 per cent. 


Molecular Electronics is Closer Than You Think 


Pittsburgh—Westinghouse Electric Corporation will announce com- 
mercial availability of both industrial and consumer molecular electronic 
products in the fall of 1962. Industrial products will include logic elements 
and amplifiers. Six consumer products are slated to be introduced by 
Westinghouse appliance dealers in the fall line. Component makers are 
talking about the $12 million the company will spend to develop the line. 


New Electronic Process Control Line Due 


New York—A new supplier of electronic process control will debut in 
January 1962. The company, not now in the process control field, will 
offer a complete line—the first controllers built of advanced solid state 
devices such as thin films and vacuum deposited magnetic units. 


Computer To Diagnose Heart Ailments 


Washington—U S. Public Health Service will try to develop a technique 
to make heart disease diagnosis with a digital computer. A nine-month 
feasibility study showed sufficient promise that the Health Service has 
purchased computer time for a full scale investigation. Over the next 
eight to twelve months, the Service will try to analyze electrocardiograph 
wave forms in such a way that the results will indicate a diseased heart 
condition to a physician. 
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WILL THIS... 


GE 312 computer now accumulates and totals data; 


someday it may run the plant. 


. « « REPLACE THIS? 


Control panel at sintering plant is designed for manual, semiauto 
matic, or automatic mode of operation. 


Sintering Plant Doubles 
As Laboratory for Controls 


Control engineers are learning how to apply automatic signals to 
a sintering plant on a full scale production model that turns out 
4,200 tons of sinter per day at Youngstown Sheet and Tube. 


EAST CHICAGO, IND.— 
Automatic control is coming to 
Youngstown Sheet and Tube Co.'s 
No. 2 sintering plant here in stages. 
lhe company claims it has already ap- 
plied more automatic devices than any 
other operator. Eventually Youngs- 
town expects to run its plant with 
closed-loop computer control. 

What makes automatic control so 
difficult in this case is that many proc- 
ess relationships are unknown in sin- 
tering and a complete mathematical 
model of the plant still evades process 
engineers. 

Sintering is important to the steel 
industry because it makes low grade 
ore suitable for charging into a blast 
furnace. Low grade ore is mined in 
small pieces which normally blow out 
of the furnace. In the sintering mill, 
heat bonds these small pieces into 
large chunks that make good feed. 

First large scale application of auto- 
matic controls in plant No. 2 involved 
the variable speed drives applied to all 
the mechanisms that move material 
throughout the system. Then a Gen- 
eral Electric GE 312 computer was 
installed to accumulate process data 
and convert it into averaged and to- 
taled information. Data is collected 
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from 89 different points; printouts can 
be scheduled to average data over 5, 
15, 30, or 60 min periods and totals 
are printed for eight-hour periods. 

¢ Five components — Youngstown 
uses the Dwight-Lloyd continuous 
sintering process. The first step is pre- 
paring the proper mix. The sinter is 
made from five components: iron ore, 
limestone, coke, flue dust, and recycled 
sinter. These are stored in 10 hoppers 
(five for ore, two for coke, and one 
each for limestone, flue dust, and re- 
cycled sinter), and each has a table 
feeder, driven by a variable speed drive, 
which regulates the flow of material 
onto a conveyor belt. 

Flow from each hopper can be va- 
ried from zero to 50 tons per hour by 
changing the table feeder speed. A 
voltage regulator reduces load varia- 
tion effects and a voltage rate feedback 
circuit limits motor acceleration rate. 

The proportion of each material 
flowing into the mix is regulated by a 
reference signal proportional to the 
flow required. In the voltage regulator, 
the reference signal is a base excitation 
voltage. Any deviation from this volt- 
age feeds back as an error signal to a 
controller that maintains the desired 
speed and thus the desired proportions 


of each component. 

Load cells beneath each conveyor 
measure tons-per-hour flow as each ma 
terial moves out of its hopper. ‘This 
data feeds visual displays to inform 
the operators, the data logger for sum 
mary reports, and the feedback circuits 
to correct the mix. 

e Mixing—One of the key variables 
in the process is the moisture content, 
which is added in specified amounts 
in a pug mill where all the ingredients 
are combined into a homogenous 
mixture. Water can’t be added auto- 
matically now because there is no on- 
stream device capable of measuring 
moisture content. 

Youngstown adds water manually to 
make the final mix 8 to 10 percent 
water by volume. But this method, is 
not accurate; it ignores any moisture 
already in the mix. 

After it has been stirred in the pug 
mill, the moist mix flows to a distribu- 
tor which spreads it evenly onto an 
endless conveyor belt called the 
“strand”. As the mix moves past the 
scraper, gas flames ignite the coke in 
its top surface, while windboxes below 
the entire 168 ft of strand grate draw 
air through the mixture to sustain 
combustion. Burning fuses the mix 
into clinker-like chunks. Under opti- 
mum control, the strand moves at 
such a rate that the coke burns to the 
bottom of the mix bed just as it 
reaches the last windbox. 

Strand speed is very important be 
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cause burning proceeds at a fixed rate, 
dependent only on the porosity of the 
bed. Speed of the strand grate deter- 
mines whether or not the system sin- 
ters the greatest volume of material 
in optimum time, that is, so all the 
coke is oxidized just before the end of 
the strand is reached. 

Since porosity is the one factor that 
affects burning rate, Youngstown has 
installed an automatic control to regu- 
late it. When the raw material enters 
the strand, the scraper blade that 
spreads it also dams it up, compressing 
the ore below it. This makes the bed 
denser than it should be and slows up 
the burning rate. 

The control is simple. A series of 
electrical probes of different heights 
extend in front of the scraper blade. 
Measurement of the electrical resist- 
ance of material between the probes 
generates a signal that is proportional 
to the amount of material retained by 
the scraper. If too much material is re- 
tained the strand is speeded up. 
Ideally, the strand cares material 
away as fast as it is delivered. 

As the burned sinter falls off the 
strand, it is broken into 8-in chunks 
that are the charge to the blast fur- 
nace. Undersized material, called fines, 
are fed back to the supply hopper as 
recycled sinter to become raw material 
again. The usable product averages 
about 57 percent of total raw material 
input. 

¢ Transport time—All this processing 
takes considerable time. The change 
of a control and its effect may be as 
much as 30 min apart. 

Stabilization thus becomes a diffi- 
cult problem. General Electric engi- 
aeers, who designed much of the con- 
crol system, found a satisfactory trans- 
fer function—a linear first order Pade 
approximation—to represent the sta- 
bilizer. In hardware, it turned out to 
be a transistorized integrating ampli- 
fier with low feedback noise. 

¢ Automatic control — At present 
Youngstown can operate the sintering 
unit manually, in a semiautomatic 
mode, or completely automatically. 

Automatic operation ties together 
the feed from the hoppers and the 
speed of the strand. An_ operator 
chooses only the point on the strand 
where “burn through” (the point 
where the coke will be completely con- 
sumed) will occur; then the automatic 
control system takes over. 

The point of burn through is lo- 
cated by scanning readings from ther- 
mocouples in each windbox. A sharp 
temperature drop occurs in the air 
passing through the windbox above 
which burn through has occurred. In 
this way the contrel can locate the 
burn through point. 

As the sintering unit operates, the 
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burn through point moves. If it re- 
cedes from the desired position, the 
strand has to be speeded up. 

Before this is done, however, a sig- 
nal to the proportioning system accel- 
erates the table feeders under the 
supply hoppers so they deliver more 
raw material. As more mix arrives at 
the scraper blade, the electrical 
probes sense the increase in depth and 
generate a signal that speeds up the 
strand to carry away the extra material, 
thus moving the burn through point 
towards the desired point. 

Conversely, the system slows the 
strand if burn through moves ahead of 
the desired point. 

¢Other modes—In manual opera- 
tion, the operator sets rheostats to reg- 
ulate table feeder and conveyor speeds, 
strand speed, and scraper height. 
Once set, the motors run at the estab- 
lished speed until the operator makes 
another change. To make adjustments, 
the operator scans a tons-per-hour read- 
ing for each table feeder and belt, the 
readings being brought to the big con- 
trol panel shown at the top of page 

Semiautomatic operation applies 
automatic control to the strand, but 
the proportioning system remains on 
manual regulation. Strand speed is 
controlled automatically; the operator 
sets and adjusts conveyor and feeder 
speeds. 

¢ Experiments—Some of the most 
exciting control ideas are still in the 
design and proposal stages. For exam- 
ple, Youngstown is experimenting 
with X-ray emission gages to make on- 
stream chemical analysis of the mix. 

If trials with the emission gages are 
successful, Youngstown will install five 
of them to analyze iron ore, coke, 
limestone, flue dust, and the final 
product. At first, information from 
the emission gages will only tell blast 
furnace operators precisely what chem- 
ical analysis to expect from the sinter- 
ing plant so they can operate the blast 
unit at optimum conditions. Eventu- 
ally, the emission gage data might be 
used to control proportioning in the 
sintering plant itself. 

Youngstown is also experimenting 
with ways to measure moisture con- 
tent automatically to control water ad- 
dition at the pug mill. 

So far the most promising approach 
is measurement of the humidity of 
the draft air at exhaust fan after being 
drawn through the sinter bed. 

The steel company feels that com- 
puters can be used for contiol once 
the dynamic characteristics of sinter- 
ing are known. But nobody is willing 
to guess when unit No. 2’s computer 
will do something besides data ac- 
cumulation and totalizing. 

—Bruce Cross 
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Theory Draws Users 
to JACC 


User engineers demonstrat- 
ed an unusual amount of in- 
terest in control theory at the 
Joint Automatic Control Con- 
ference. 


BOULDER, COLO.— 

Is interest in control theory mush- 
rooming among user engineers? The 
answer must be yes if the June Joint 
Automatic Control Conference is any 
criteria. Of the 600 registrants, fully 
270 could be classified in the user 
category, a startlingly high percentage. 
Last year’s meeting, for example, was 
heavily dominated by academicians 
and researchers. 

Even more interesting was the 
growth of process control user interest 
in theory. Of the 270 users, over 40 
percent represented process control 
companies. 

At the magnificent University of 
Colorado campus, the assemblage 
heard a largely disconnected review of 
the field. It included such diverse sub- 
jects as optimization, economics, 
mathematical models and adaptivity. 

The accent on user interest was 
highlighted by two comments, neatly 
worded by conference participants. 
J. A. Aseltine, Aerospace Corp., mod- 
erator of one of the sessions on adap- 
tive control expressed one viewpoint: 
He said, “I feel I’ve solved a lot of 
problems with my adaptive work, but 
I’m still looking for someone who 
needs the solution”. 

From Eric Weiss, Sun Oil Co., 
came another significant comment. He 
said, ““The only reason chemical proc- 
esses are assumed steady is that the 
variables are logged only once an hour. 
What we thought was constancy was 
really ignorance”. 

One of the objectives of the Boulder 
program was to examine whether adap- 
tive systems might partially compen- 
sate for ignorance of process dynamics. 

e Language barrier—The influx of 
process control engineers can be asso- 
ciated with the growth of computer 
control and both static and dynamic 
optimization in the process industries. 
Engineers working on Aerospace proj- 
ects have solved some of these prob- 
lems. University and maker theoreti- 
cians have offered some others. JACC 
looms as a common ground for trad- 
ing information and experience. 

User after user moaned “We can’t 
tell whether we'll ever be able to apply 
these techniques or not unless we can 
find some way of understanding what 
the mathematicians are driving at in 
physical terms”. 
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WHAT‘S NEW 


Gver ables 
APD* system : ’ 
Russian Science Stalls; 


The Soviets Reorganize 


Complete reorganization of Soviet scientific effort has 
been ordered. Soviets voice concern about costs as R&D 
expenditures top 3.8 billion rubles and head higher. 





HERE’S THE FIRST 
SMALL COMPLETE 
DATA-ACQUISITION 
SYSTEM Bw we 


Acquisition system is a complete and 
compact soiid-state packaged system 
designed to meet a wide range of 
instrumentation requirements. You can 
use it to read out thermocouples, 
resistance thermometers, strain-gage 
transducers or any other DC voltage 
low-impedance sensors. Modular plug-in 
board design allows great flexibility— 
one chassis can provide a complete 
20-channel system. 


Data is sampled at 20 samples per 
second; repeatability is 0.1% of full 
scale. Output can be shown or recorded 
directly in engineering units with sign 
indication and channel identification. 
Readout can be converted to punch 
tape, magnetic tape, typewriter or other 
storage medium. 


The new Genisco APD requires low 
power and is ideal for portable, lab- 
oratory, or field use. Call or write 
today for prices and complete details. 


*Analog-to-Pulse Duration 
Patent Applied For 








( jenisco 








2233 Federal Ave., Los Angeles 64, California 
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MOscOWw— 

Soviet planners are not satisfied 
with the results from the USSR’s 
gigantic scientific effort. Because out- 
put is not keeping up with spiraling 
costs, the USSR is making a major 
overhaul of its scientific research and 
development. One casualty may be 
the “pure” researcher who can’t justify 
his work to hardheaded planners. And 
there’s likely to be a new slant on con- 
trol development. 

Some details of the reorganization 
were outlined at last month’s All 
Union Conference of Scientific W ork- 
ers in Moscow. As expected, two 
thousand assembled scientists “unani- 
mously” endorsed the government's 
decision and put major responsibility 
for scientific planning in the hands of 
a new state committee for coordina- 
tion of scientific research. The move 
will trim some fat from the USSR’s 
Academy of Sciences. 

¢ What’s wrong—After listening to 
a tabulation of Soviet scientific suc- 
cesses—such as rocketry and space ac- 
complishments, discovery of new oil 
and natural gas deposits, and research 
in the use of oxygen blowing in steel 
production—participants heard some 
unusually frank talk about what's 
wrong. 

Some shortcomings: 

e Last year’s plan called for intro- 
duction of new technology in 891 
projects—only 64 percent were com- 
pleted and ten weren’t even begun. 

eIn 1954, Academy of Science re- 
searchers evolved a new way to use 
semiconductor devices as nonlinear 
capacitors. Russia started working on 
improvement of these instruments 
only after the foreign press reported 
their use in parameter amplifiers. It 
is an indication, say Russian critics, 
that there is a serious lag in research 
on semiconductors. 

e Introduction of automation has 
been retarded because of lack of co- 
ordination between designers of 
plants, machinery, and automatic con- 


trol systems (a complaint repeated al- 
most annually). 

¢ Duplication is running rampant. 
For example, in Russia, 100 organiza- 
tions are doing research on direct con 
version of heat into electric power. 
One hundred and fifty establishments 
are designing digital programming con- 
trol systems for automation of ma- 
chines and installations. But most are 
directing their main attention to de- 
signing computers which differ only 
slightly, not to creating new systems. 

¢ Scientific instruments are often 
scarce and unreliable. 

The big problems add up to the 
same woe that has plagued the Soviets 
for years: duplication and lack of co- 
operation between scientists working 
on related problems. Worst of all 
from the Russian standpoint, the lag 
in putting scientific discoveries to 
work in production persists. 

The new Soviet reorganization plan 
spotlighted at least one problem that 
is being admitted for the first time: 
the Russians are having trouble select- 
ing and training young scientists and 
then integrating them into the main 
stream of research work. 

¢ Manpower stumbles—M. V. Kel- 
dysh, new president of the Academy 
of Sciences, notes that half the 4,000 
scientists receiving doctorates in the 
past ten years were more than 50 years 
old. He called for measures to pro- 
mote training of scientists between 30 
to 35 years old for independent 
scientific work. One Soviet scientist, 
although criticizing the “insecurity” 
of young American scientists as they 
compete for permanent niches during 
the years after graduation, commented 
wistfully that “those fortunate ones 
who strike it lucky acquire excellent 
if severe schooling during their years 
of wandering.” 

Recruiting is a problem too, speak- 
ers conceded. Despite widely heralded 
educational opportunities in the Soviet 
Union, science students are harvested 
almost entirely from a very limited 
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NEW 
BRISTOL SERIES 6100 
TIME DELAY 
RELAY 


7 TYPES OF LOAD CIRCUIT OPERATION 
ALL IN A SINGLE UNIT 


Bristol’s new Series 6100 gives you easy Contact the Bristol Distributor or Repre- 
application with exclusive flexibility. No sentative in your area. 
more complex wiring changes! Makecircuit SEND FOR HANDY TIMING 
changes in a jiffy, too. You can reach the CONTROL PRODUCT DIGEST 

: —complete range of Bristol 
motor, and other parts—in seconds. The Motors, Timers and Timing De- 
new “Bristol-Vision” dial is mounted in a_ vices for all your timing and 
square die-cast frame—provides better con- ¢ontrol applications. 
trast for better viewing plus functional sdeneen ainiiseaies ie 
beauty too. Non-scratch bevelled glass dial ' 2AC AND DC MOTORS 
cover won’t buckle, deform—seals against | | —from standard to 

special configura- 

dust. Powered by famous duty-matched . | tions designed to your 


standard Bristol motor. Write for brochure. aL oeancansnse 





BRISTOL @&) MOTORS Division of Vocaline Company of America, Inc. / Old Saybrook, Conn. 
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ENGINEERING 
ON BENDIX COMPONENTS 


Amma CC 
SELECTED FOR 


PROJECT ADVENT! 
ee eae RCN 


BENDIX REACTION WHEEL 
FOR SATELLITE CONTROL 
AND STABILIZATION 


Precision reaction wheels developed at Bendix meet requirements 
for attitude control of space vehicles and satellites. For example, 
these wheels will be used for Project ADVENT—advanced Army 
research program which will use satellites as relay stations for 
global communications. 

Since reaction torque is directly proportional to applied voltage, 
the reaction wheel provides a means for proportional control of 
vehicle attitude. An integral tachometer senses wheel speed and 
direction of rotation. 

Several wheel configurations are now available, and the basic 
design concept offers flexibility to meet still broader requirements. 
Individual wheels can be tailored to specific voltage, torque, 
inertia, and momentum storage requirements. 


ADVANTAGES AND FEATURES: Minimum weight and power 
e Brushiess motor and tachometer e Low friction e Flexible design 
e Consistent performance over environmental range 


PREVIEW LATEST SENSING, STABILIZATION, AND CONTROL DEVICES 
FOR SPACE SYSTEMS AT OUR WESCON BOOTH 2801-03. 


Eclipse-Pioneer Division [jy.4% 


Teterboro, N. J. 


District Offices: Burbank, and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D.C. 


Export Sales & Service: Bendix international, 205 E, 42nd St., New York 17, N.Y. 
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WHAT’S NEW 


geographic area. A boy living in 
Siberia, for example, is eligible but 
unlikely to become a physicist because 
“he isn’t even aware of the existence 
of the new physics”’. 

Still another failing is the low 
quality of scientific research. Once 
admitted to research institutes, scien- 
tists are kept for years even though 
they do not have the capacity for in- 
dependent work, thus shutting out 
better qualified men. 

¢ Drastic steps—To solve these weak- 
nesses, the USSR has taken a number 
of steps. First was the appointment 
of Keldysh to succeed A. N, Nesney- 
anov as head of the Academy of Sci- 
ences. Then, several weeks ago, the 
Kremlin announced the abolition of 
the state scientific and technical com- 
mittee, which used to have much of 
the responsibility for introducing new 
technology. In its place, a new state 
committee for coordination of sci 
entific research was organized. 

¢ Starting over—The new approach 
for a unified state plan of scientific 
research will include three stages of 
research: 

¢ Major national economic problems 
which are in the experimental design 
stage—such as automation systems, 
polymer applications, gas turbines, and 
new metals and alloys. The plan will 
assign tasks for implementation right 
through introduction into practice. 

eLong range scientific investiga- 
tions into key problems that are far 
enough along to be defined—such as 
thermonuclear fusion research and 
direct transformation of heat into elec- 
tricity. The plan will provide for re- 
search work, designs, and creation of 
experimental installations. But this 
stage won't reach the factory level. 

¢ Fundamental research, whose cor- 
rect channeling will be “dictated by 
logic of scientific development”. Even 
though the Academy of Sciences itself 
apparently will continue both funda- 
mental and applied research, it will 
turn over half of its research institutes 
to industry, and concentrate on solv- 
ing key scientific tasks. 

Short term research planning is out, 
according to Deputy Premier Alexei 
Kosygin. “Research projects should 
be planned to cover the whole period 
until their completion”, with material 
and financial support to match. 

Keldysh has earmarked a number of 
key projects for academy units. In the 
control field, for example: self-adapt- 
ing control systems, and computer ap- 
plication to information storage and 
economic planning. 

—Ernest Conine 
McGraw-Hill World News 
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EUROPEAN REPORT 


Highlights at ACHEMA 


100,000 visitors search the triennal 
ACHEMA chemical engineering show 
for 





new developments in control. 
Europe’s spreading labor shortage 
heightens interest in automatic control. 


Demand for process instrumentation 








still outstrips supply in Europe. 


Pneumatic four-term controller 
contains extra integral action. 
Supplier was G.S.T. of Bochum. 


Easy-to-use infrared analyzer with analog computer 


was displayed by Bodenseewerk Perkin-Elmer & Co, 


FRANKFURT, GERMANY— 

Crowds flocked to the German 
ACHEMA chemical engineering exhi- 
bition this year with an interest in 
control whetted by growing economic 
concern: a labor shortage is spreading 
in Europe. Said one control manu- 
facturer, ““The labor shortage is turn- 
ing some companies to automatic 
controls for the first time. And the 
increased sales are snarling up produc- 
tion schedules even worse than they 
have been.” 

Delivery still remains European con 
trol manufacturers’ number one prob- 
lem. Delivery of standard controllers 
and recorders, for example, takes 12 
months. As a result, control manu- 
facturers have almost as much interest 
in laborsaving production equipment 
as their customers. 

Certainly the emphasis at this year’s 
show was on easy-to-use equipment. 
One company, Bodenseewerk Perkin- 
Elmer & Co., showed 10 new prod- 
ucts, all reflecting a philosophy of 
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operating simplicity. In one, the com- 
pany added an analog computer to an 
infrared spectrometer so the instru- 
ment would calculate the percentage 
concentration of each of six compo- 
nents directly. Previously, an operator 
would read the device and then calcu- 
late the percentage. Here is how it 
works. A potentiometer matrix sends 
the extinction point for each compo- 
nent of the substance into the compu- 
ter every three min so it can solve 
five basic equations for the wave 
lengths selected. 

Another easy-to-use instrument was 
PE’s new autopolarimeter with digital 
readout. All the operator has to do is 
insert samples into the instrument. A 
polarized light beam that oscillates 7 
deg on either side of the optical axis 
illuminates the sample. A photomul- 
tiplier detects the beam and drives a 
null balancing servo to rotate an ana- 
lyzer prism. The rotation is read out 
on a digital counter. 

¢ Automatic petroleum testing—Pct- 

















CYCLO-SINE 


Hermetically-sealed drive. 
for space applications 


The Bendix® Cyclo-Sine Drive 
provides an absolute, hermeti- 
cally-sealed actuator for varied 
space applications. Operating 
through a flexible ring, the drive 
offers infinite resolution and 
irreversibility for general- 
purpose and precision ser¥o 
devices. 


OUTSTANDING 


CHARACTERISTICS: 


5:1 weight advantage over conventionai 
drives « Up to 20,000:1 speed differ- 
ential « No backlash « Infinite resolution 


Manufacturers of 
GYROS + ROTATING COMPONENTS 


RADAR DEVICES - INSTRUMENTATION 
PACKAGED COMPONENTS 


Eclipse-Pioneer Division 


“Bendix” 


Teterboro, N. J. 
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| WHAT’S NEW — 


roleum companies too want more auto- 
matic devices. Baird & Tatlock Ltd., 
an English company that invaded 
Germany for the show, has an instru- 
ment to determine the oil base con- 
tent automatically to the requirements 
of ASTM D664 specifications. Me 
chanical carriers in the instrument 
bring the oil sample to an automatic 
titrator. 

Punched cards attached to the ca 
rier program the B&T instrument for 
weight of sample and test to be run, 
then select the proper one of five 
burettes containing different solutions. 
For the test, the sample beaker is car- 
ried to an electrode set and the sample 
is titrated. Print wheels record the 
endpoint pH value on the carrier card. 

An Italian company, Carlo Erba of 
Milan, has a new instrument that de 
termines the flash point of oil auto- 
matically. In this device, samples feed 
to an explosion chamber every three 
min. At input, the samples are cooled 
to about 15 deg below the flash point 
Then the sample is heated and ait 
added until a sparkplug ignites the air 
vapor mixture. A flash detector stops 
the heating cycle while a thermocou 
ple in the heated liquid measures the 
flash temperature. 

eNew controllers—At least  thre« 
new control systems were introduced 
at the show. A pneumatic four-term 
controller, shown by the German firm 
G.S.T., generated the most interest 
An extra integral action is added to the 
normal three-term action. The com 
pany claims this allows the propo 
tional range to be extended ten times 
Range of the G.S.T. controller: from 
2 to 1,000 percent. 

Discussions with visitors and exhibi 
tors indicated that application of digi 
tal control is growing in Europe. Its 
strongest advocate is Siemens, which 
is using digital methods for tank gag 
ing, motor synchronization, and gas 
chromatograph recording. 

[he motor synchronization control 
has Hall generator pickoffs that send 
speed signals to each of three motors 
One output serves as the master con 
trol. It sets the overflow limits of two 
digital registers so that overflow pulses, 
which control the slave motors, al 
ways occur at a set phase angle. 

Despite some damp German 
weather, over 100,000 visitors toured 
ACHEMA during its nine-day run 
This attendance, together with the 
70,000 who attended the French meas 
urement show Mesucora, (CtE, July, 
p. 29) testifies that European interest 
in automatic control has not slowed. 


—Derek Barlow 
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CONSOLIDATED ELECTRODYNAMICS <- CIRCLE 32 ON READER SERVICE CARD 


Belle Howell 





Get valuable information on advanced measuring techniques 


APPLICATION NOTES 


yours without charge, without obligation 


Hewlett-Packard Application Notes, covering a wide variety of sub- 
jects, include both theoretical and “how to do it” information. They 
are composed of information derived from the experience of # engi- 
neers both in general areas of measurement and in solving specific 
measurement problems. Many interested readers have found Appli- 
cation Notes useful in the past. You may find them helpful, too. 


Check this partial list of titles: 


# 2 Frequency Measurement of Low-Level Signals, up to and above 
12.4 GC 

# 6 Homodyne Generator Detection System, to measure attenua- 
tion, rf leakage, antenna patterns, etc. 

#15 Distortion and intermodulation 

#36 Sampling Oscillography 

#42 Applications of 416A Ratio Meter, reflectometer techniques 

#43 Continuous Monitoring of Radar Noise Figures 

#44 Use and Usefulness of the 185A 1,000 MC Oscilloscope (44A, 
Synchronizing the 185A; 44B, Pulse Analysis; 44C, Component 
Switching Speed Characteristics Measurement) 

#48 Applications of the 218A Pulse and Delay Generator 

#50 How to Make VLF Frequency Comparison Measurements with 
Standard Laboratory Equipment 

#52 Frequency and Time Standards 


Other Application Notes cover such subjects as measuring FM 
signals, measuring rf pulse carrier frequency, microwave spectrum 
synthesis, waves on transmission lines, square wave and pulse test- 
ing, measurement of cable characteristics, instruments for trans- 
ducer applications. The Application Notes Index gives a complete 
listing. 


Fill in and mail the attached post card for Application Notes of 
interest to you, or for a complete list of titles. 
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Permit No. 201 
Palo Alto, Calif. 
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BUSINESS REPLY MAIL 


No postage stamp necessary if mailed in U. S. 


side of this —Postage Will Be Paid By— 











Hewlett-Packard Company 
page for other Department H 


1501 Page Mill Road 
Palo Alto, California 
helpful oy) 


publications 





Engineers in electronics 
and allied fields are invited 
to join the roster of 


regular readers of the 


dp) JOURNAL 


published throughout 
the year, presenting 
factual reports on new 


measurement techniques, 


new instrumentation. 








TYPICAL SUBJECTS 


improved sweep frequency techniques for broad band microwave testing 

Square wave and pulse testing of linear systems 

Effect of y-circuit non-linearity on the amplitude stability of RC oscillators 

A new frequency counter plug-in unit for direct frequency measurement to 510 MC 
Two versatile new power supplies for high power semiconductor work 

An improved method for measuring losses in short waveguide lengths 





YOURS WITHOUT CHARGE Just check box in white area on card below and mail. 


Please send these APPLICATION NOTES: 
Cie. (146. (ets. (se. (#42, (44s, (] #444, (esas, 


[ ]#44¢, [ #48, [}#50, [] #52, [] Complete Index 


[]Put me on the mailing list for the @ JOURNAL 


[__]!nform my @ representative that | would like to receive the new 1961 @ general catalog. Now available! The new 1961 @ 
catalog giving complete informa- 
tion on the more than 400 preci- 
sion electronic instruments man- 
ufactured by Hewlett-Packard. 
Company ies or it Si Just contact your nearest @ rep- 

resentative for your copy — or 

check the appropriate box on the 
Address posted. 
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WHAT’S NEW 


IMEKO: How to Estimate 
a Planned Economy 


Hungarian measurement 
meeting gives Western ob- 
servers a new slant on Iron 
Curtain control problems. 


BUDAPEST— 

At IMEKO, the Second Interna- 
tional Measurement Conference, most 
papers stressed specific applications of 
instruments rather than new tech- 
niques or philosophy. As a result, inter- 
est in any one paper was limited to 
those working in the same area. 

One problem of Eastern bloc coun- 
tries that intrigued many Western visi- 
tors is the way Communist countries 
approach the business of planning in- 
strument production. 

Dr, H. Kortum of East Germany de- 
scribed the task of production plan- 
ning. He said that predicting what 
should be done is complicated by the 
increase in instrument variety and the 
growing requirements for better qual- 
ity. Kortum urged the establishment 
of a special group to develop produc- 
tion estimating. 

Dr. Gy Stnker of Hungary main- 
tained that data are available for such 
an estimation. He named two possible 
sources: an index of instrumentation, 
which is the ratio of instrument invest- 
ment to total investment, and esti- 
mated capital investments. 

¢ Technical highlights—The confer- 
ence, heard 138 papers, covering a va- 
riety of areas. Some highlights: 

P Strain gage replaces slide wire in 
an automatic self-balancing potentiom- 
eter. The approach is similar to that 
announced by Minneapolis-Honeywell 
eatlier this year. The Hungarian de- 
vice is called Tensokomp. 

> Two designs for low cost analog- 
to-digital data converters for applica- 
tion in power stations. Developed by 
a Rumanian engineer, one unit is elec- 
tromechanical, other transistorized. 

> Poland’s A. Macura described a 
way to use magnetic fields to measure 
the wear of pipelines carrying abrasive 
fluids. He added two electromagnets 
to set up an undisturbed field between 
two base magnets. 

Although no startling developments 
or announcements came from the con- 
ference, a resolution was passed mak- 
ing IMEKO a permanent international 
body. The conference will again be 
held in Hungary some time in 1964. 

Fred H. Baer 
McGraw-Hill World News. 
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hi-fi enthusiasts 


CAlthough we don't have too 
many reasons why it isn't.) 


Just because the frequency response of 

our new 6 watt transistorized servo 
amplifier is extra good, someone had to suggest its use 
as a HI-FI component. He per’ his case, too, by play- 
ing MANTOVANI through it without losing a string! 
Actually, the exceptional bandwidth which permits its 
operation on either 60 or 400 cycle carriers is only one of 
many features that make this amplifier outstanding. 
Low dynamic output impedance insures good linearity 
and minimizes distortion between “‘motor-line perform- 
ance”’ and “‘motor-amplifier performance’’. 
High (30K) input impedance permits operation from 
most of the common input sources. 
And high reliability has been achieved without the 
finality of potting; aluminum oxide particles provide 
good thermal conductivity at the same time affording 
protection against adverse environments. 
For additional information on this servo amplifier No. 
TA006-0A-100 write: Diehl Manufacturing Company, 
Somerville, New Jersey. 


SPECIFICATIONS 


TA Trademark of THE DIEHL MANUFACTURING COMPANY 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 
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AROUND THE BUSINESS LOOP 


Will EAI-Phillips Pact 
Boom Analog Computing-Control? 


Analog computing-control for the 
rocess industries may soon start 

aa An agreement just signed 
by Phillips Petroleum Co. and Elec- 
tronic Associates, Inc. calls for an un- 
usual exchange of views, ideas, and 
information between the user and the 
maker in the application of special 
purpose analog computers to process 
control. The pact mates two strong 
advocates of the analog approach. 

It is no secret that Electronic Asso- 
ciates, the biggest maker of analog 
computers for simulation, has aspira- 
tions in process control. But EAI has 
been unable to dent the control mar- 
ket because it lacked chemical process 
know-how and its equipment has been 
designed for the laboratory and engi- 
neering department. 

Control engineers at Phillips have 
championed the special purpose ana- 
log computer. Several years ago the 
company was experimenting with a 
special purpose computer to control 
internal reflux in a fractionator. 

EAI expects the exchange will 
educate its engineers in some of the 
problems of the process engineer and 
should point the way to a flock of new 
products. Phillips, on the other hand, 


feels it will be on the receiving end of 
some new ideas about computer tech- 
nology and hardware. 

The duo have put together some 
ground rules to get the exchange work- 
ing effectively. For example, meetings 
between key people in each company 
are scheduled at regular intervals. And 
each company has agreed to under- 
write the expenses for its part of any 
undertaking. 

Under the exchange agreement the 
rights of each company in its inven- 
tions are protected before disclosure 
to the other; neither firm receives any 
interest or license rights in the patents 
of the other, and each party has the 
unrestricted right to grant licenses 
under its own patents. 

To speed its jump into analog com 
puting-control hardware, EAT has al- 
ready taken a license under three in- 
ventions developed by Phillips before 
the exchange agreement was consum- 
mated: an internal reflux computer for 
fractionators, a computer that regu- 
lates the enthalpy of fractionator col 
umn feed, and a product separation 
computer for fractionators. All that re 
mains now is a big marketing push on 
behalf of analog computing-control. 





Japanese Plan Overseas 
Instrument Service Centers 


TOKYO— 

Japan’s Industrial Measuring Instru- 
ment Industry Association is making 
plans to provide a service arrangement 
overseas for its member firms’ prod- 
ucts. Plans are still tentative, mainly 
because the association hasn’t solved 
the problem of financing the venture. 
Association managing director, ‘Tetsuo 
Horiguchi, told CtE that “It will take 
a year or so before we can go ahead 
with plans.” 

Reason for the service project 
emerges from a glance at Japanese in- 
strument import and export figures 
for the past two years. In 1959 Japan 
imported $10.3 million worth of 
measuring instruments, and exported 
$500,000 worth. Last year they im- 
ported only $6.9 millon, exported 
$2.6 million. (Note that the total was 
off $1.3 million.) Japanese instru- 
ment makers feel that better availa- 
bility of service in the overseas mar- 
kets would boom sales. 


The association has not decided 


where it will set up its first service 
center, but since $500,000 of 1960 
exports went to the U.S., first efforts 
will probably be aimed at this market. 
In fact, Horiguchi feels, “It would be 
cheaper to tie up with some U.S. firms 
to service our machines and instru- 
ments. So far none of the U.S. firms 
has approached us with proposals for 
possible tieups. We welcome such 
proposals, but we need a little more 
time to create interest among our own 
people here to raise enough funds to 
start. Otherwise, it would be a flop.” 
The association did not say whether 
it expects U.S. firms to be as anxious 
to service Japanese instruments on 
their home ground as they were to set 
up sales-service combines in Japan. 
—John Yamaguchi 
McGraw-Hill World News 


EMI Aims for Exports 


LONDON— 

British government officials have 
been urging industry here to increase 
its exports. While $53 million of 
British instrument and control goods 
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SIMPLE 


NEW_MINCOM SERIES G-100 RECORDER /REPRODUCER 


Building-block construction; card system record/reproduce modules; Series G-100 Frequency Response 
just twelve moving parts with four easy adjustments; complete plug-in Direct: 200 cps to 300 kc at 60 ips 
modular design—everything about this new and outstanding Mincom a pence nn on gmp 
Series G-100 emphasizes its reliable simplicity. Here’s an all-purpose 

magnetic tape system for better performance with improved dynamic range. It's planned for easier oper- 
ation and maintenance with automatic bias and power supply protection; built-in calibration, plus built-in 
monitor switching; dynamic braking; all-transistorized electronics; fourteen tracks (analog or FM) in one 
rack. Covering the bandwidths listed at right, G-100 fills the gap between Mincom's Series CA-100 (125 kc- 
60 ips) and the Series CM-100 (1.2 mc-120 ips). To discover more of this new system's extra capabilities, 
write today for complete specifications. See us at WESCON, Booth 1806. 


3M .-» WHERE RESEARCH IS THE KEY TO TOMORROW 


MINCOM D'vision finnesota [Yfinine ann TMianuracturinc company 


2049 SO. BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA + 529 PENN BLDG., 425 13th STREET N.W., WASHINGTON 4, D.C. 
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Only in a STANDARD instrument do you get all the features 
‘‘most wanted” in an interval timer: 


UNEXCELLED PRECISION—Consistent, continuous accu- 
racy over years of use. Accuracy to =.001 second available 
in standard models. 


INSTANTANEOUS ELECTRIC RESET—A ‘‘must” in many 
instrument complexes—a plus benefit for all other applica- 
tions. 


PROVEN MECHANISM—Synchronous motor driven— 
electric clutch operated. Proved reliably accurate and 
dependable by years of service. 


CHOICE OF CONTROL—Start, stop and reset can be 
manual, by electric circuit or output of electronic tubes. 


RANGE OF MODELS—Portable or panel mounting—in a 
wide selection of accuracies and ranges. 


Request Catalog No. 198-B 


THE STANDARD ELECTRIC 
TIME COMPANY 
89 LOGAN ST., SPRINGFIELD, MASS. 
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WHAT'S NEW 


were sent abroad last year—an 18 per- 
cent increase over 1959 (see CtE, May 
61, p. 186 for more figures)—govern- 
ment leaders feel more can be done. 
They say that U.K. companies tend 
to ignore overseas markets because 
they anticipate problems of language, 
low volume, and different standards. 
One company that is taking the gov- 
ernment’s advice to heart is EMI Elec- 
tronics Ltd:, which has jumped its 
export sales from zero to $7.5 million 
in three years. 

EMI plans eventually to reach a 
60 to 40 export to domestic sales ratio; 
the current ratio is just the reverse. 
The company’s export expansion pro- 
gram is three-pronged: 1) make the 
export program so large that it has to 
be concentrated on throughout the 
firm, 2) run company-sponsored lan 
guage courses, and 3) set up a special 
export promotion department, includ- 
ing overseas traveling exhibits. 

The program started in 1958 with 
a pitch to increase European sales. 
EMI set up language courses run 
partly on company time, and within 
two years 80 percent of the sales engi- 
neers could speak a second language. 

¢Shock treatment —‘“‘The payoff,” 
says EMI marketing director, Robin 
Addie, “came within the first year. We 
got the order when a customer was 
amazed to hear a British sales engineer 
speak French so fluently.” 

The scurry by most British compa- 
nies to avoid the tariff penalties built 
into the two European trade blocs 
found many firms setting up new 
plants within one of the areas. EMI 
took a different tack: it set out to so 
expand its export market that it could 
sell at prices comparable to those of 
goods produced on local equipment. 
This would be done without investing 
in new facilities. 

¢U.S. attack—To sell America, 
EMI took two approaches, both 
through established firms. It signed 
an agreement with Fairbanks, Morse 
& Co. to sell equipment in the U.S., 
and within the first seven months 
orders from FM totaled over $1 mil- 
lion. EMI also used its subsidiary 
Capital Records, Inc. with its acquired 
Hoffman Electronic Tube Co., Inc 
and Voi-Shan Electronics Div. of Voi- 
Shan Industries. Goal for the U.S. 
market is to beat European sales 
within three years. 

Next step, says Addie, is to tap what 
he calls the biggest potential area yet: 
the east European states. Campaigns 
have already been started in Poland, 
Hungary, and Russia. —Derek Barlow 

(More Business News on page 140) 
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A NEW ADDITION TO THE 
CGoNnAc LINE 


a ORY WAYS 
ULTRASONIC 
LEVEL 

CONTROL 


Now, two new ultrasonic sensors, especially for level con- 
trol have been added to the Delavan line of sonac sensing 
and switching devices. 


The single sensor system is recommended for liquid level 
control and the double sensor system for dry level control. 


Control is maintained by installing the sonac sensor 
through the wall of the vat, bin or hopper. When the oscilla- 
tion on the face of the sensor is dampened or impeded by 
the material being sensed, the signal to the control unit 
changes, activating a relay. 


FIG. 1—LIQUID LEVEL (One Sensor) FIG. 2—DRY LEVEL (Two Sensors) 


For level control, soNAc is accurate to .005” and has a 
response time of 25 milliseconds. Performance of the sensor 
does not deteriorate with age. 


The level control uses to which sonac can be applied are 
virtually unlimited. It is not affected by the viscosity*, 
specific gravity, conductivity, or capacitance of the material 
being sensed. Temperature or pressure changes of the ma- 
terial do not alter its performance. False signals are elimi- 
nated because SONAC may be adjusted so as not to sense 
steam, foam, or vapors. 

*Viscosity may affect response time. 

Canadian Representative: 

KNOWLES & FOSTER (North America) Ltd. 


708 Terminal Bidg., Toronto 1, Ontario, Canada 
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TRASONIC SENSOR 





Size) 


SONAC is extremely rugged. Sensors are type 304 stainless 
steel..The electronic components in the sensors are her- 
metically sealed and will withstand pressures to 2000 psi 
and temperatures from —425° F. to +450° F. They are 
immune to shock, vibration or mechanical damage. 


The control is a compact unit 5” x 5” x 5” and features 
transistor circuitry. Power consumption is one watt and 
the unit will operate in temperature ranges from 40° F. 
to 135° F. 


Here’s how sonac can be used for sensing and switching 
applications other than level control. 


Automatic Counting Door Control 


Overheight Signal 
Positioning Package Routing Size Control 


There are dozens of applications for SONAC single and 
double sensor units. Let it go to work for you now, write: 
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New IBM computer language...AUTOPROMT cuts 
milling time for this helicopter gearbox cover by 75% 


/ AUTOPROMT (AUTOmatic PROgramming for Machine Tools) 
° is a powerful new computer language designed to broaden 
the use of numerically-controlled machine tools. 


AUTOPROMT, for the first time, lets an engineer describe 
the surfaces of the three-dimensional shape he wants 


milled, rather than calculating every path the tool must 
follow in order to machine the part. 

AUTOPROMT leaves to the computer the task of automat- 
ically generating these tool paths. You describe the part 
to be milled and the tool to be used in simple, English-like 




















' ; Here’s the way 
AUTOPROMT works at 


United Aircraft 
' Corporation 
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The Parts Programmer, using a 
conventional biueprint, pre- 
pares 180 one-line statements 
in AUTOPROMT language. 











\\ The statements are punched 
into standard IBM cards and 
entered into the |BM 7090 Data 
Processing System. (AUTO- 
PROMT also works with the 
704 and 709 Systems). 
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The 7090, programmed with 
AUTOPROMT, produces 8000 
tool path instructions needed 
to direct the Pratt and Whitney 
Co. Inc. Numeric-Keller Con- 
tinuous Path Milling Machine. 
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Punched tapes direct the Nu- 
meric-Keller Milling Machine. 








terms. The computer does the laborious calculating work. 


AUTOPROMT produces results like these: the time to mill 
the gearbox shown in the photographs cut to one-fourth the 
machine time required by conventional methods. AUTO- 
PROMT reduced the lead time from blueprint to production 
from three months to two weeks. 





TA 


AUTOPROMT is available to IBM customers. Call your local 
IBM Representative for complete details on this latest 


® 
advance in Numerical Control of machine tools, DATA PROCESSING 


The Numeric-Keller mills the 
helicopter gearbox cover, 
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BREAKTHROUGH IN 
PRESSURE SWITCH ACCURACY 


at reduced prices 


The high accuracy associated with instruments costing several hundred 
dollars is now obtainable with new Barksdale pressure switches at a 
retail cost of $19.00 to $30.00. Accuracy of +1/2% is guaranteed and 
+2/10% accuracy can be supplied when required. Substantial price re- 
duction is accomplished by use of erector set design and a major invest- 
ment in production tooling. A wide choice of “tailored to the job” features 
(see column at right) meets your specification requirements exactly. 


ADJUSTMENT 








LEAKPROOF 


WELDED ES SNAP ACTION 
DIAPHRAGM SWITCHES 


THESE POINTS ARE IMPORTANT 


WE BUILD IN WE DON’T USE 


EXTREME ACCURACY | G “LINKAGES & 
and DEPENDABILITY BEARINGS 


maintained during © which, as they wear, 
operating life due to make the setting of the 
pressure switch drift. 


direct acting design 
OPERATION 
ELEMENTS 
S55 
which make the switch 


IN ANY POSITION 
difficult to mount. and 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements very critical to vibration. 


MMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 


BELLOWS 


which make the 
pressure Switch 
sensitive to vibration. 





arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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New line of Barksdale pressure switches announced 
Improved accuracy, reduced cost and higher proof pres- 
sures are advantages made possible by design innova- 
tions in the new Barksdale diaphragm pressure switches. 
Accuracy of + '%% as compared to the customary 
+ 1% is guaranteed, and each unit is tested for repeat 
accuracy of set point and re-set point before shipment. 
Accuracies of + “0% are available on request. 


Erector set design offers dual benefit 


The basic unit of all Barksdale diaphragm pressure 
switches is a diaphragm surrounded by a heavy protec- 
tive capsule to which components may be attached as 
required. Addition of a switch, switch bracket and ad- 
justing bracket to the basic unit makes a stripped switch 
for use in a common cabinet with other electrical devices. 
(Original equipment manufacturers need not pay for a 
housing which is not needed.) Addition of a sealed 
housing to the stripped switch completes a weather- and 
vapor-tight switch unit. A standard housing with integral 
terminal block or an explosion proof housing with 
integral terminal block may be specified. Erector set 
construction allows a wide choice in specifications that 
approximates a custom made switch and permits use of 
cost-cutting mass production methods that are reflected 
in lower prices. 


Proof pressures to 300 psi 

In the low settings the new Barksdale pressure switches 
will actuate at 0.1’ mercury with proof pressure to 10 
psi. In higher ranges they will go up to 300 psi proof 
pressure at settings to 150 psi. 


Important additional advantages 


Because the housings of Barksdale pressure switches are 
independent of the sensing and switching mechanisms 
changes in ambient temperature will not throw these 
switches out of adjustment. 


The adjustment brackets are specially designed to pro- 
tect switch terminals against shorting during adjustment. 
Lead wires are held down by a tension clip. They cannot 
be pulled out accidentally and thereby throw off the 
switch adjustment. 

Mounting brackets may be oriented in any of four 
directions. 


Tamper proof adjustment covers have servicing instruc- 
tions on the inside to allow for painting of the units. 
Standard pressure connection is %4” npt female pipe 
fitting. One-half inch fittings suitable for mouting directly 
on 42” pipe can be supplied on request. 

Standard housing has 42” nps conduit connections and 
a terminal block. The latter is accessible without remoy- 
ing the housing by lifting a cover plate. 


Ask for new catalog and handbook 


Complete details on Barksdale diaphragm, piston and 

bourdon tube pressure switches are included in a new 

catalog and handbook. This free book is a practical aid 

in planning the vital link between your electric and 
hydraulic circuits. It contains a glossary of 
terms, a schematic demonstration of oper- 
ating characteristics, and a suggested step- 
by-step procedure for simplifying pressure 
switch selection. In addition, the book 
gives a complete run-down on all the detail 
features leading to the unit that answers 
your specific control problems. Send for 
your copy now, or ask your Barksdale 
representative. 
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New! Sylvania CT4257 


Illustration compares size advantage of 
Sylvania CT4251 to type in T-11 outline 








Sylvania introduces the new CT4251 .. . opening a dramatic 
new approach to the design of very compact, low-cost count- 
ing equipment in the 0-SOKC frequency range. 


Utilizing a new dome-shaped T-9 bulb evacuated from the 
base, Sylvania CT4251 offers significant reductions in seated 
height. CT 4251 features 10 output cathodes, offering the ver- 
satility and advantages of tube types previously available 
only in the T-11 bulb. Examples: electrical information can 
be fed from all 10 cathodes, enabling preselection of a count 
from 0-9; the diameter of the ring of cathodes is identical 
with that of types in the T-11 outline, providing excellent 
visibility of readout information. 


Sylvania CT4251 is the lowest cost cold cathode Decade 
Counter Tube available. Combining electrical and visual 
readout functions, it offers extensive economies in circuitry 
and associated components, Sockets, too, for its 13-pin 
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circle are as much as one-half the cost of sockets normally 
required for T-11 types. In addition, this new 13-pin circle 
makes it possible for Sylvania CT4251 to be designed into 
equipment using transistorized and printed circuit techniques. 


Tests to date of Sylvania CT4251 indicate superior quality 
performance even under stand-by operation for 500 hours. 


Your Sylvania Sales Engineer will be pleased to tell you 
more. Contact him or write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. 138, 1100 Main St., 
Buffalo 9, N. Y. 





Anode Min. Double 
caves it (mA) Min. Anode Pulse 


— sonny Anplitete Min. Double 
Min. Max. (ae) v) 


Pulse Width 
(usec) 





CT4251 0.65 0.8 400 -70 





SYLVANTA 


SUBSIDIARY OF 


GENERAL TELEPHONE & ELECTRONICS 
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greater derating margin 


for higher reliability... at lower cost | 
than lower rated type Westinghouse 2N1015 and 2N1016 transistors 


Circuits which use power transistors can be upgraded in 
reliability by changing to the Westinghouse 2N1015- 
2N1016 series. The low saturation resistance and high 
dissipation rating (150 watts) of these transistors mean 
cooler operation—more safety factor in service. In fact, 
the 2N1015-2N1016 series offers twice the derating 
margin you can get in competitive types. Their high 
voltage ratings—up to 200 volts Vce—also mean an end 
to series connections of lower rated types. Yet all this is 
yours at less cost than you are now paying. 

Inaddition tothese many circuitadvantages, the2N1015- 
2N1016 transistors give you the reliability assurance of 
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True Voltage Ratings verified by 100% Power Testing 
under full operating conditions. You also get the advan- 
tages of reduced inventory, and the convenience of 
single-source purchasing. Next time you buy transistors 
in the 2N1015-2N1016 family make sure they’re 100% 
power tested. You can be sure... if it’s Westinghouse. 
For complete information, write or cal!: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
$C-1042 


Westinghouse 
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For “off the shelf” deiivery 


EASTERN 
ACK SEMICONDUCTOR, INC 


Birmingham 5, Ala 


CAMERADIO 
CRAMER ELECTRONICS, INC 
ELECTRONIC WHOLESALERS 


Pittsburgh, Pa 
Boston, Mass 
INC 


Melbourne, Florida 
GENERAL RADIO SUPPLY CO., INC 


GENESEE RADIO PTS. CO 
KANN-ELLERT ELECTRONICS, 


MILGRAY ELECTROMICS 


Camden, NJ 
Buffalo, N.Y 
INC 
Baltimore, Md 
New York, N.Y 


RADIO & ELECTRONIC PTS. CORP 


SCHWEBER ELECTRONICS 
S$ 


MIDWESTERN 
E.C.1. SEMICONDUCTORS, INC 


Kansas City, Mo./ 


Cleveland, 0 
Long Island, N.Y 
jiver Spring, Md 


order from these Westinghouse 


FA 2-0588 
EX 1-4000 
CO 7-4700 
PA 3-144) 
WO 4.8560 
TR 3-9661 


TU 9-4242 
RE 2-4400 


UT 1-6060 


Pt 6-6520 
JU 5-7023 


WE 1-0829 


ELECTRONIC COMPONENT 
HALLMARK INSTRUMENT 
INTER-STATE RADIO & § 
LENERT CO 

MIDLAND SPECIALTY ( 
RADIO DISTRIB. CO 
SEMICONDUCTOR SPECIAL 
S. STERLING CO 

UNITED RADIO, INC 
WESTERN 


ALMAC ELECTRONICS CORF 
ELMAR ELECTRONICS 
HAMILTON ELECTRO SLS 


NEWARK ELECTRONICS CC 


Distributors : 


NDUSTRY CO 
t. Lowis, Mo. /WO 2-9916 


allas, Texas/Ri 7-8933 
co 


enver 4, Colo./TA $-8257 
Houston, Texas/CA 4-2663 
E! Paso, Texas/KE 3-9555 
Phoenix, Ariz./AL 8-8254 
querque, N.M_/CH 7-0236 
jianapolis, ind_/ME 7-5571 
INC 
Chicago, 11_/NA 2-8860 
Detroit, Mich /BR 3-2900 
‘ nnati, 0./MA 1-6530 


Seattle, Wash _/PA 3-7310 
Oakland, Cal_/TE 4-331i 


Los Angeles, Cai./BR 2-9154 


Palo Alto, Cal./DA 1-7541 
Inglewood, Cal_/OR 4-8440 
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FOR YOUR AUTOMATION PROGRAM 


CHEMICALS +» ORE REDUCTION 
PETROLEUM REFINING + PAPER + GLASS 
CEMENT + ALUMINUM + UTILITIES + STEEL 


General Electric announces the new GE 412, a second gen- 
eration solid-state, stored program computer designed solely 
for industrial and utility applications. 

The GE 412 Digital Control Computer, new “big brother” 
in the General Electric family of process computers, has been 
designed with the total systems concept and flexibility of 
equipment organization in mind. 





ee 


The resultant versatility and capability of the GE 412 
makes it custom-adaptable to many particular applications 
in many varied industries—data-logging and monitoring, 
data-logging and control, economic dispatching, director (or 
dispatcher) in a multi-control system. 

The new GE 412 is extremely fast—capable of 25,000 
additions a second. It incorporates a core memory with drum 
memory backup, plus more than 100 basic commands, to pro- 
vide wide programming flexibility. The Automatic Program 
Interrupt feature and Programmable Elapsed Time Counters 
permit the regular survey of critical points without wasting 
valuable computer time required for constant checking. 

General Electric offers you the two basic elements for 
your automation program—the new GE 412 Digital Control 
Computer and the application experience necessary to get 
it operating efficiently in your plant. 


General Electric engineers can detail the available full line 





of input/output equipment and computer services including 
SYSTEM DESIGN, PROGRAMMING and AIDS, TRAINING, INSTAL- 
LATION SERVICES, and MAINTENANCE SERVICES—offered by 
General Electric to get your automation program in opera 

tion quickly ... for lower production costs, increased profits 
INVESTIGATE THE NEW GE 412—contact your nearest General Electri: 
Apparatus Sales Office or the Process Computer Section, Industry 
Control Department, P.O. Box 2918, Phoenix, Arizona. 

IN CANADA, contact Canadian General Electric Apparatus Sales 
Department, Peterborough, Ontario. 

OUTSIDE THE U.S. AND CANADA, contact International General Electric 

150 East 42nd Street, New York 17, New York 


Progress /s Our host Important Product 
GENERAL @@ ELECTRIC 
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REVOLUTIONARY 
NEW 
CONCEPT 
IN 
RECORDING! 


ke 


For years instrument users have struggled with 
making their potentiometer recorders compatable 
with changing input needs. Today it may be 
necessary to measure temperature, tomorrow MODERN DESIGN 
pressure. In order to be prepared to meet these : ; ; 
changing demands it has been necessary to stock Everything about the new Westronics Universal 
a number of recorders, or spend hours in modify- Recorder is modern. Nothing old fashioned about 
ing existing input circuits. this one! Note these features: 


This costly and outmoded instrumentation is © COMPACT DESIGN (Only 85” high) 
no longer necessary! Westronics, Inc. now brings @ ZENER DIODE STANDARDIZATION 
to the industry a totally new UNIVERSAL @ PULL OUT CHASSIS 
RECORDER featuring panel or table mounted © PLUG-IN AMPLIFIERS 
EXTERNAL PLUG-IN input modules. Each has © BALL POINT PENS (That Really Work!) 


in itself a maximum of versatility. © QUICK CHANGE CHART SPEED SELECTOR (No gears to change) 


QUALITY 


The new Westronics Universal Recorder fea- 
tures a servo system that uses ball bearings 
throughout. The pen carriage utilizes ball bearing 
motion on a precision ground track. No trouble- 
some sheet metal parts sliding on rods on this 
one. Smooth ball bearing floating action is what 
makes dependable Ball Point inking practical. 


VERSATILITY 


The new Westronics Universal Recorder is 
second to none in versatility. Available in 5” 
and 11” strip chart sizes, single pen, 2 pen 
and multipoints. 


ALL THESE FEATURES AND A COMPETITIVE PRICE TOO! 


CALL ON ONE OF WESTRONICS 23 SALES-SERVICE REPRESENTATIVES 
TO HELP YOU SPECIFY A WESTRONICS UNIVERSAL RECORDER TODAY. 


WW westronics, inc. 


. 3605 McCART STREET * FORT WORTH, TEXAS 
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NEFF INSTRUMENT CORPORATION, 
WITH MANY PROVEN CONTRIBUTIONS TO IN- 
STRUMENTATION, INVITES YOUR INSPECTION 
AND EVALUATION OF THESE RECENTLY IN- 
TRODUCED AMPLIFIERS. THEY HAVE BEEN 
DESIGNED TO SATISFY TODAY’S MORE CRIT- 
ICAL APPLICATIONS. NEFF CUSTOMERS KNOW 
THAT EACH AMPLIFIER WILL MEET ITS PUB- 
LISHED SPECIFICATIONS. FOR YOUR CRITICAL 
AMPLIFIER APPLICATIONS — LOOK TO NEFF. 
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INSTRUMENT CORPORATION 


1088 East Hamilton Road Duarte, California _ 
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PLOT COI 


With Dymec Data 
Reduction Systems 


You can make X-Y or strip-chart re- 
cordings from digital data at rates 
of up to 100 conversions per sec- 
ond with Dymec digital-to-analog 
conversion techniques. Data re- 
corded at computer speeds on 
magnetic tape, punched cards or. 
punched tape can be automatical- 
ly plotted at slower speeds for vis- 
ual examination and analysis. Ad- 
ditionai data can be entered man- 
ually with an auxiliary keyboard. 


Two moderately priced Dymec Data 

Reduction Systems are available. One extracts data 
from magnetic tape; the other is used with punched 
cards, punched tape ortypewritten records. These sys- 


DY-6575, A complete system, magnetic 
tape to X-Y recording 


You can increase the efficiency of your 
| high-cost computer with the DY-6575 
>» Magnetic Tape Plotting System. Tape 
; written at 75 inches per second on the 
» computer is read at 3 inches per second 

for recording. The Dymec system makes 
© 100 conversions/second from digital 

® | data on magnetic tape for continuous 
plotting on a Moseley Autograf Recorder. 
™, Accepts binary or BCD inputs, includes 
m® | search mode and visual! display for 
7 check-outorcalibration.Overall accuracy 
of plotting systern, + 0.2% of full scale. 

Complete system about $29,750.00. 


ER RESULTS 


tems include three types of digital-to-analog convert- 
ers which are also available separately or as building 
blocks for custom designed data reduction systems. 


DY-6242, A complete system, punched 
cards, punched tape or 
keyboard to X-Y recording 


Plotting speeds of 50 points per minute 
with punched cards and 80 points per 
minute with punched tape are yours with 
the DY-6242 Plotting System, which also 
is supplied with a 10-key serial entry 
keyboard for recording tabular data. 
Overall accuracy of plotting system, 
+0.2% of full scale. The Dymec system 
consists of a digital-to-analog converter, 
a tape reader and a Moseley Autograf 
Recorder with character printer. Com- 
plete system about $8,700.00. 


Three digital-to-analog conversion building blocks 


Dymec Model 2742 Digital Data Transia- 
tor accepts data from IBM cards, perforated 
paper tape or a serial keyboard and converts 
for recording up to four decades of data 
plus a sign for each axis. The transistorized 
instrument provides a front-panel display for 
monitoring translator contents, plus controls 
for calibration, single cycle or automatic op- 
eration. D/Aconversion accuracy, 0.1%. Price, 
including manual keyboard, about $4,500.00. 


Dymec Model 2743 Series Digital / 
Analog Converters accept binary, 
binary-coded-decimal or decimal data 
for conversion to analog voltages. Up 
to four channels in one unit. Each can 
process up to 12 bits of binary, up to 
4 decades BCD or decimal data. Price 
about $3,800.00. 


Dymec Model 2744 Series Magnetic 
Tape Units include tape control unit and 
tape converters for recording binary and 
binary-coded-decimal data. The control 
unit, Model 2744A, accepts data from 
tape and provides an output to drive 
one of the converters, Model 2744B for 
binary data and Model 2744C for BCD 
data. Price, about $14,700.00, including 
2744B or 2744C Converters. 


Data subject to change without notice. Prices f.o.b. factory. 
Ca‘l your Dymec/ Hewlett-Packard representative or write direct for information on Dymec digital-to-analog conversion capabilities. 


DYM ECE 


A division of HEWLETT-PACKARD COMPANY 


DEPT. C-8, 395 PAGE MILL ROAD, PALO ALTO,CALIFORNI@ + DAvenport 6-1755 +» Area Code 415 
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DOUBLE-DIFFUSED SILICON INDUSTRIAL TRANSISTORS 


HIGH GAIN 
LOW COST 


FAIRCHILD 2N1983 


produces circuit voltage gains of 1,000 and up 
price is competitive with germanium and 
lower performance silicon 

eliminates hum and microphonics in low noise 
circuit design 

provides low noise circuit performance from 
1KC to 150KC 

permits circuits with very low power 
consumption 

operates over a wide temperature range, 

up to 125°C. 


For fast deliveries, call your Fairchild Distributor or 
factory field sales office. Write for complete specifications 
and pricing information on the total Fairchild line... 
industrial Silicon Transistors and Diodes; Silicon Planar 
Transistors and Diodes, and Special Products. * 


CIRCUIT TEST RESULTS OF RANDOM 2N1963 SAMPLES FOR Q, 





Noise Referred To Voltage 
ai input in « Volts Gain 


#1 3 1000 
#2 1080 
#3 1080 
a4 1080 
#5 1080 
#6 1190 


25 yf #7 1190 
] ze 





1190 
#9 1190 
#10 1190 

10 SAMPLES TESTED 

















Q,:2NI983 





MAXIMUM RATINGS at 25°C 


Veso — Collector to Base Voltage 
Yceo — Collector to Emitter Voltage 


50 Volts Veso — Emitter to Base Voitage 
25 Volts Pp — .6 Watts in Free Air 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Symboi Characteristic Min. Max. 
Vee Non-Saturated Base Voltage 85 
Res Saturation Resistance 50 
Nite High Frequency Current Gain 

f = 20 mc 


Units 
Volts 
ohms 


i¢ = 1.0 mA 
ig = 5.0 mA 
ig = 50 mA 


Output Capacitance 45 pf ig= 0 
Collector Cutoff Current 5.0 uA ig= 0 
Collector Cutoff Current 200 pA le= 0 
Collector to Emitter Sustaining Volts i¢ = 100 mA 
Voltage (Pulsed)* 

Collector to Emitter Sustaining 
Voltage (Pulsed)* 

leBo Emitter Current 100 pA ic= 0 


“Rating refers to a high current point where collector-to-emitter voltage is lowest. 
For more information send for Fairchild Publication APP 4 


Cop 

‘CBO 

icpo(+ 150° C) 
Voer (sust) 
Voeo (sust) 


Volts i¢ = 100 mA 


5.0 Volts 


Test Conditions 


VoE = 5.0 V 
ig = 0.5 mA 
Voe = 10V 
Vop = 10V 
Yop = 30V 
Vop = 30V 


SMALL SIGNAL CHARACTERISTICS (f 


Symbol! Characteristic Min 
hfe Current Gain 70 
80 

Input 20 
Resistance 40 


Voltage 
Feedback Ratio 


Output 
Conductance 


210 
240 


30 
8.0 
7.0 
70 
1.0 
1.5 


Units 


lk 


2N1983 
Test Conditions 


A Nes 


mA Vos 
mA YcB 
mA Vos 
mA Vop 
OmA Vog 


OmA Vog 
<9 C 

ys input 2000 5.0 mA Vog 
Resistance . 


Output 200 5.0mA Voge 
Conductance ‘ 


ig~= 0 


Veg = 2.0V 





“See us at WESCON Booth No. 814-16’ 
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-AIRCHILD 


ee 
SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX: MN YW CAL853 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT RPORATION 
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ZlectrnoniK |7 
...true modular construction makes it the easiest and least 
expensive of all potentiometers to operate, convert and maintain 
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Here, for the first time in a small-case 
potentiometer, you get all the operat- 
ing and maintenance advantages of 
modular design, plus calibrated ac- 
curacy within + 0.25%, arevolutionary 
new rebalancing element, the STRAN- 
DUCER, that replaces the slide-wire, 
and many other time-saving, cost- 
cutting, performance-improving 
features. 





Three basic modules—case, display 
and drive—make up the ElectroniK 17. 
The case fits standard 19-inch relay 
racks. Attach a carrying handle, and 
the instrument is portable. You can 
easily remove front module for simple 
conversion from strip chart to circular 
chart operation. Pull the chassis out to 
the service position or remove it com- 
pletely without tools. Vary chart speeds 
l4 or 2 times basic speed (1, 2, 6, 10, 
or 60 inches per hour) by replacing 
quick-change drive gears. Change range 
simply by changing range cards. A 
Zener diode constant current supply 
eliminates battery problems. Plug into 
the instrument up to 8 contact control 
units for widely varied con- 
trol possibilities. 


‘pees 


{ 


ad 


me 
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ElectroniK 17 instruments are avail- 
able as strip or circular chart recorders, 
or circular scale indicators. They can 
have electric contact control, with all 
control units of convenient plug-in 
design. 
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For the eye-opening details on great 
new ElectroniK 17 instruments, call 
your nearby Honeywell field engineer 
today, or write to MINNEAPOLIs- 
HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. — In 
Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan 
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FISCHER 
“PORTER 


THE HIGHEST POSSIBLE QUALITY 
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In the recent past, we have been 
beset by the taunts of skeptical 
fellows, who allege that we are 
naught but THE FOREMOST 
MAKER OF FLOWMETERS! 
To this allegation, we reply vehe- 
mently, “NOT SO”—and we have 
the fortitude to present proof 
of an exceedingly cogent nature 
to support our earnest denials. 
Proof, if you will, that the bonds 
of our PROCESS INSTRU- 
MENT LINE extend far beyond 
the limits of our justly renowned 
flowmeters—to a multiplicity of 
transmitters AND a complete 
selection of PANEL instruments. 
Consider, if you will that we 
offer process instruments to 
measure, NOT MERELY FLOW, 
but temperature, pressure, liquid 
level, viscosity, density, pH, ORP 
and a great miscellany of second- 
ary process variables. We invite 
your attention, in particular, to 
the extraordinary number of our 
divers devices that are available 
to convert the output of these 
multitudinous instruments to 
clear, accurate and repeatable 
signals and to transmit them in- 
stantaneously to the very heart 
and core of the system—that is, 
the CONTROL CENTER. 


«te 

Again NOTE the multiplicity 
of these precision mechanisms 
Wee performing their as- 





—={: Centralized Control °=3- 
with 


Fischer & Porter Instruments 


‘ 


signed tasks at the CONTROL 
BOARD. Witness the amazing 
array of large and small case 
panel instruments, some with 
pointers, others that pen a record, 
with controllers secreted within 
(or with miniature instruments, 
ingeniously affixed in the rear). 
The number and variety of these 
equipments verily BEGGARS 
DESCRIPTION, 
f+ 


Need we say more? Have we 
convinced you? If not, may we 
recommend that you spend a few 
felicitous moments with our new 
PROCESS INSTRUMENTA- 
TION BOOKLET Number 310, 
which — be advised — is a brief, 
conveniently condensed presen- 
tation of the more prominent 
of these astounding precision 
devices. Here, Sirs, is indispu- 
table evidence that we are an 
INSTRUMENT COMPANY— 
indeed, more than that—a world- 
wide organization, priding our- 
selves on the development and 
manufacture of transmitters and 
BOARD instruments to fit ANY 
AND EVERY KINK in the knot- 
tiest control system. May we send 
you a copy for your perusal? 
Until the post accommodates 
your receipt of same, may we 
suggest a hasty review of the 





following sampling . . .? a 
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Versatile - Flexible - Adjustable 


the 
1100 
Series 


LARGE CASE 
12” Chart 
Recorder & Recording Controller 


@ Can record up to 4 variables! 
@ Can include TWO, 3-mode controllers! 


Here, Good Sirs, is the HEAVY 
DuTY, GENERAL PURPOSE 
INSTRUMENT of the renowned 
F&P line! Its flexibility is un- 
matched. When employed as a 
RECORDER, it will receive up to 
4—yes, FOUR !—separate and dis- 
tinct signals from transmitters. As 
a controller it can contain two of 
the renowned Series 53-P, 3-mode 
controllers complete with gauges 
and regulators! And—great boon 
to servicers—it has a sealed inking 
system -—— guaranteeing positive 
records, day after day. 


COMPACT & MIGHTY 


The Medium-Sized 1450 Series 


FIBER GLASS CASE 


Indicating Receiver & Controller 
with 6 control mode options! 


When records are not required, but 
GOOD READABILITY of the 
scale is important, the Fiber Glass 
Case Instrument with its 5 inch 
scale is pronounced by many who 
use it as the FINEST OF ITS 
KIND. It has the GREATEST 
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variety of control options in the 

industry. Amazingly, SIX different 

types of control are available— 

from on-off through 

three-mode! And it 

utilizes the same 

superb 53-P con- 

trollers used in ALL 

types of F&P in- 

struments. This 

means true IN- 

TERCHANGEABILITY —and re- 

sults in lowered INVENTORIES. 
The exterior of this versatile in- 

strument is formed of the new cor- 

rosion resistant FIBER GLASS 

material, and the door is gasketed 

with tenacious polyvinyl chloride. 

When panel space is lacking, another 

pointer can be added to measure an 

ADDITIONAL variable. Also, this 

device can be used as a field-mounted 

instrument—with control or trans- 

mission at the very point of meas- 

urement. 


In-Case Alarms 


When it is desired to alert the oper- 
ators should an UPSET in the proc- 
ess occur, the clever In-Case Alarm 
System can be supplied. No extra 
black boxes—no additional exterior 
parts. This transistorized alarm op- 
tion fits within the case and provides 
adjustable differentials from ™% to 
15% of full scale. 


The same system can also be 
supplied with the 1100 Series 
LARGE CASE Instruments. 


1 NEW! NEW! NEW! 
Transistorized Pulse Receiving 
2800 Series 


nd 
DIGITAL DEVICES 


These are the advanced devices 
which have ushered in whole NEW 
CONCEPTS in the fine art of instru- 
mentation. FULLY TRANSISTOR- 
IZED printed circuitry, keyed plug- 
in boards, direct-reading measure- 
ments—are but some of the features 
of this new line of modern instru- 
ments which can be made to indicate, 
totalize, record digitally and control. 
They accept signals from any fre- 
quency generating device and convey 
data in pulse or direct reading dig- 
ttal form. The latest application of 
these futuristic instruments is with 
the renowned F&P CONTINUOUS 
IN-LINE SYSTEMS which blend 
two or more fluids right in a pipeline. 
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Truly Amazing! MINIATURE Case 
INDICATORS « RECORDERS ¢ CONTROLLERS 


Lilliputian magicians that can solve the TRICKIEST CONTROL PROBLEMS... . 
yet fit the tightest graphic panel! 


Here is a tabulation of the fabu- 
lous family of MINIATURE INSTRU- 
MENTS which handily accomplishes 
every control feat of the bigger 
conventiona! units and, that not- 
withstanding, solve the panel 
designer’s dilemma. These tiny 


devices require only 6” x 6” (we 
reiterate—only six inches by six 
inches) MAXIMUM PANEL AREA, 
yet are simply serviced by Bic- 
THUMBED PERSONS as all parts are 
readily within grasp for easy 
adjustment. 


Consider this BROAD SELECTION of basic units... 





Dial-type Indicator 1200 Series 
Dial is 3%” diameter—a 
handy control station that 
operates with either a 
plug-in or field-mounted 
controller and for LOCAL 
or REMOTE set point 
adjustments. 


Drum-type Indicator 1300 Series 
Indubitably clever! The 
drum rotates so the TRUE 
VALUE is always at the 
center of the gaurce for 
long distance observation. 
Can be equipped with high 
or low limit ALARMS. 


Strip Chart Recorder 1200 Series 
Records up to THREE 
VARIABLES on a 4” chart 
with 14-hour visible rec- 
ord. Gasketed metal or 
plastic door. Can be 
equipped with a plug-in or 
field-mounted Model 53-P 
controller. 


Indicating Integrator 1200 Series 

Provides PRECISE flow rate 
totalization on an 
8-DIGIT counter while the 
input variables are indi- 
cated SIMULTANEOUSLY on 
a 214” vertical scale. Sure- 
ly the way to integrate! 


) Db ot ed oh) ut. 4 ao) ot 3 ae Or ee 


(-] Send Booklet No. 310, “Process Instrumentation” 


Please post information on: ([) LARGE Case Instruments 


(7) DIGITAL Instruments 
() MINIATURE Strip Chart Recorder 


(2) FIBER GLASS Case Instruments 


[) MINIATURE Drum Indicator (() MINIATURE Case Dia! Indicator 


() MINIATURE Indicating Integrator 


(() Have your FIELD REPRESENTATIVE call. 


NAME & POSITION. 





COMPANY 





ADDRESS. 





CITY. __ZONE 


>) es 
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DELCO POWER TRANSISTORS PROVED IN COMPUTERS 
by IBM, UNIVAC; BURROUGHS, NATIONAL CASH REGISTER 


Since Delco Radio produced its first power transistors over five years ago, no transistors have undergone a more 
intensive testing program to assure reliability—which accounts for their popular acceptance in hundreds of industrial 
and military uses. Before leaving our laboratories, Delco transistors must pass numerous electrical and environ- 
mental tests both before and after aging. This double testing, combined with five years of manufacturing refine- 
ments, enables us to mass produce any type of power transistors with consistent uniformity. And we can supply 
them to you quickly in any quantity at a low price. For complete information or technical assistance on our versatile 


application-proved family of transistors, just write or call our nearest sales office or distributor. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan MEPENDABILIT Division of 
324 Chestnut Street 726 Santa Monica Blvd. 5750 West 5ist Street 57 Harper Avenue iO General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 D Kokomo, Indiana 


ELIABILITY 
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and disc files . . . complete memory systems, and a full line of modular 
read, write, selection, and interface circuitry . . . designed and 


Now, from Bryant. . . leading supplier of magnetic memory drums 


delivered by Bryant systems engineers . . . proven in commercial, 


government, and military service. Memory system features include: 


“*Plug-in”’ Capability 
Compatible with user logic levels 
Self-contained power supplies 
Standard rack mounting 

Choice of recording modes 


NEW “PLUG-IN” 
MEMORY SYSTEMS 
AND CIRCUITS 


Design Flexibility 

Frequencies to 1 MC 

Serial and parallel operation 
Selective alteration of data 

Custom units for every requirement 


Built-in Reliability 
Complete solid state designs 


Derated components, Mil-approved 
connectors 


Glass epoxy printed boards 
Overload protection 


Circuit Availability 

Individual circuits available include: 
read, write, selection, clock read 
driver, inverter, flip flop, multiple 
gate, and power supply modules 


Whether you require a complete “black box"’ memory, or individual 
circuit modules . . . contact your local Bryant representative, 


or write direct. 


COMPUTER PRODUCTS 


Disc File and Magnetic Drum Memories for Every Storage Application 
852 Ladd Road + Walled Lake, Michigan + MArket 4-4571 


A DIVISION OF EX-CELL-O CORPORATION Bikis 


61-39 CP 
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superior latching 


— Peb relay... 
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This DPDT, permanent magnet, latching relay is 
superior on these counts: (1) shorter height for maxi- 
mum compactness between stacked circuit boards; 
(2) greater sensitivity (80 milliwatts); (3) better vibra- 
tion resistance (30 g to 2000 cps); (4) better shock 
resistance (100 g). 


Designated the FL Series, this relay meets all 
applicable sections of MIL-R-5757D, MIL-R-6106C 
and ABMA #PD-R-187. 


FL SERIES SPECIFICATIONS 


Contact Arrangement: OPOT Pull-in: 150 milliwatts, approx. 
(standard) at 25°C. coil temperature. Printed circuit ard 
Shock: 100 g for 11 milliseconds with 80 milliwatts, approx. (sensitive) : ’ - 2. 9 using 4 FL relays was 
no contact openings. at 25°C. coil temperature designed by the Mart 
§ é 1 
Vibration: .195° max. excursions, 10 Operate Time: 3 milliseconds max. c es ea Piadadidin we 
to 55 cps. 30 g from 55 to 2000 cps . at nominal voltage at 25°C. coil : OMpSNY, pS aielge 
No contact openings. temperature : part of ground support 


Linear Acceleration: 400g minimum Dimensions: .485" high, 1.100" long, : : equipment for a ma 
with no contact openings. 925° wide. ; + missile project. 
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RELAYS 


n23> 
can be tailored to your requirements 





This large family of dual coil, permanent magnet relays 





can be supplied with built-in diodes, 


special terminals and mounting brackets. Pai. hh 





: 
Non-latching or latching relays can be supplied in conventional ¢rystal 
cases with or without shoulder brackets, studs or mounting plates. Straight 
pin, hook-end or 3” flexible terminals are available. 


Potting 3” terminals with epoxy resin at the relay's header keeps glass beads 
from cracking through mishandling during installation .. . adds oniy .25” 
max. to height of case. Your production is speeded, reliability is increased. 








A diode becomes an integral part of the relay circuit in SC or SL relays. 
It is incorporated in the relay case and is used to minimize arcing in special 
applications. Four diodes can be used as a full-wave bridge rectifier for 
400 cycles, 


Terminals spaced on .200” grids are availab!e on all P&B microminiature 
relays. These carry a “G" suffix (SCG and SLG) and are only slightly larger 


in size, measuring .890" high, .800" wide, .400” deep, max. 


SC/SL SERIES SPECIFICATIONS 


GENERAL: TERMINALS: 
Shock: 1009 for 11 milfisec. Straight Pin: SC11D (6 pins 


SL11D (10 pins) 
Vibration: 30g from 55 to 2000 cps .195" max. excursions 
from 10 to 55 cps. Hook Ends: SCIIDA & SLIIDA 


SCIIDB 4 SLIIDB 
Ambient Temperature Range: —65°C. to +125°C. SCi10C 4 SLIIDC 


Contact Arrangement: DPDT. SC11DD & SLIIDD 


Contact Load: 2 amps at30vde,i ampat 115 vac, 60cycle. MOUNTINGS: 
Piug tn: SC11D 4 SLIID 
Sencltivity: S$ L—-200 milliwatts at 25°C. Shoulder Bracket: SC11DA 4 SLIIDA 
SC-O0) ellliuaits at 25°C. Flat Plate: SC11D8 4 SL1108 
COM VOLTAGES to 36 vie. Back Mount: 2 4-40 Studs: SC11DC & SL11DC 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DOISTRIGUTOR 


@ POTTER & BRUMFIELD 


DIVISION OCF AMERICAN MACHINE & FOUNDRY COMPANY . PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 








EAI 7ransistorized Analog Computer 


A WIDE RANGE OF 
SOLUTIONS AT 
DESIGN ENGINEERS’ 
FINGERTIPS... 


PACE TR-10, the first all transistorized desktop 
analog computer, puts proven high-speed compu- 
tation right where it’s needed — on the desks of busy 
engineers. With this easy-to-use simulator, you can 
quickly solve many problems without waiting for 
scheduled access to large-computing systems. Though 
compact in size, the TR-10 is a full-fledged analog 
computer capable of providing solutions to a wide 
range of design problems. Up to 20 amplifiers, plus 
linear and non-linear computing components are 
contained in one compact cabinet with no external 
racks. The TR-10 permits rapid evaluation of dif- 
ferent design approaches. It demonstrates the per- 
formance of a conceptual or drawing-board design 
prior to construction. Thus it saves time and money 
normally required for multiple test models with 
cut-and-try engineering. 


Here’s How The TR-10 Saves 
Engineering Time 

The TR-10 is especially useful in solving problems 
in such diverse areas as servo-system design, heat flow, 
chemical reaction analyses, suspension systems stud- 
ies and many other problems involving dynamic 
conditions. Fast answers to problems posed by new 
design ideas immediately determine feasibility of 
projects. With the TR-10, engineers can explore new 
ideas as they occur — concentrate valuable time on 
the most promising area of study. 

(Applications notes are available describing typical 
problem solutions.) 


How Do You Use The TR-10? 


First— Represent in equation form the physical sys- 
tem to be studied. 


Second—Select through a simple computer diagram 
the computing components required to perform the 
calculation (programming) . 


Third —Interconnect these components on the com- 
puter (problem patching) and set problem parame- 
ters with adjustable controls. 


Fourth—Run the problem with results presented 
graphically on an accessory recorder or oscilloscope. 


You now have an electronic analog model of the 
physical system under study. You can manipulate 
design parameters quickly, running comparative 
solutions without becoming involved in repeated 
calculations. With the TR-10 you can rapidly de- 
velop truly optimum designs. 


For complete details of TR-10, write for free copy 
of Bulletin CC821-A. 


PACE tr-io Analog Computer, including 
components for addition, subtraction, multiplica- 
tion, division, integration and generation of powers, 
roots, logs, antilogs and arbitrary functions. 


ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 


~<—CIRCLE 59 ON READER SERVICE CARD CIRCLE 60 ON READER SERVICE CARD 





INDUSTRY’S PULSE 


The Market for 
Underwater Instrumentation 


Archiac 
traditions 


August 
session 
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Between $4 and 5 billion will be spent 
to probe the ocean’s depths during the 
next ten years. Oceanograpliy budgets are 
assuming a magnitude comparable to other 
areas of military instrumentation for the 
first time. 

‘Traditionally, oceanographers have had 
to improve measurement equipment and 
techniques on skimpy budgets. Much of 
the instrumentation used to probe the 
ocean’s mysteries is archaic. In fact, the 
backbone of underwater instrumentation 
has been the simple reversing thermometer 
and the Nanson bottle for water sampling. 

All that is changing. Probably the hard- 
est push on underwater instrumentation 
stems from Navy requirements in antisub- 
marine warfare defenses. The atomic sub- 


marine that cam cruise underwater at high 
speeds for long periods of time increased 
defense problems by an order of magnitude. 
Sonar, the antisubmarine weapon of World 
War II, doesn’t have the range needed to 
cope with the atomic submarine. And tem- 
perature, currents, and marine life play tricks 


with sound waves. 

Other government agencies are interested 
too. Right now the Interagency Committee 
on Oceanography of the Federal Council 
for Science and Technology is surveying 
federal requirements for oceanographic in- 
strumentation. In August, results of the 
survey will be discussed with industry at a 
special conference in Washington, D. C. 

Measuring under water, in sharp con- 
trast to measuring in air, requires com- 
pletely new concepts. Sometimes the tech- 
nique of handling instruments is more im- 
portant than the instruments themselves. 
Probably the biggest differences: water, un- 
like air, is opaque to electromagnetic radia- 
tion, both visible and the invisible nor- 
mally used for electronic data transmission; 
the density of water makes it difficult to 
get instruments to great depths; and water 
is corrosive—“‘everything wears out under- 
water’, said one oceanographer. 

Oceanography studies are getting their 
push right from the White House. Pres- 
ident Kennedy himself has established an 
encouraging atmosphere that oceanogra- 
phers have never seen before. In the coming 
fiscal year, which started on July 1, 1961, 
spending for ocean studies will jump to 
$97.5 million. That’s a whopping increase 
from the $55 million spent last year. By 
fiscal 1963, the total expenditures will rise 
even more. 


Separately, the Navy has a_ ten-year 
oceanographic program that calls for total 
spending of around $1 billion. And these 
projects are in addition to its regular anti- 
submarine warfare expenditures that run 
around $235 million per year for research 
and development. 

Much of the Navy’s spending is going 
into these programs: 

> Project Artemis was started by the 
Navy in 1958 under its Ocean Surveillance 
Program. Prime contractor Columbia Uni- 
versity has built an instrumented Texas 
tower, called Argus Island, near Bermuda. 
It is crammed full of instruments for test- 
ing sound producing and listening devices. 

Working with the tower is a specially 
converted tanker, the Mission Capistrano. 
An elevator arrangement lowers a room full 
of equipment 50 to 60 ft into the water. 
The ship cruises at various distances from 
the Argus Island and sends out sound 
waves that are picked up by the tower. 
By controlling the source of the sound, 
scientists .can evaluate detection equipment 
and learn more about how sound travels 
through the water. 

> Atlantic Underwater Test and Evalua- 
tion Center is a section of the Atlantic 
Ocean, 20 by 100 miles, just east of Andros 
Island in the Bahamas. Here the ocean 
floor drops sharply from the island to 
around 15,000 ft, and remains fairly con 
stant at this depth. 

Last year, Lockheed Aircraft Corp. was 
given a $350,000 contract by the Navy’s 
Bureau of Ships to study the requirements 
for the facility. The study will be com- 
pleted in September and will include equip- 
ment needed, logistic support, communica- 
tion requirements, circuitry, etc. 

After the Lockheed study has been re 
viewed, the Navy will select an industrial 
manager for the project. A half-dozen com- 
panies are already working under separate 
contracts to develop specific equipment for 
the range. General Motors, for example, 
is working on underwater tracking equip- 
ment, The Martin Company on sound 
equipment. Raytheon, Philco, and others 
aie also involved. 

Target date to get the underwater test 
facility in use is 1963-1965. Initial cost 
has been put at around $100-million. 

> Flip and Spar are the names applied 
to two giant instrumented buoys that will 
go into service late this year for underwater 
acoustic research. At the Scripps Institu- 


Navy 
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NEW FROM VEEDER-ROOT 





Just a flick of the switch presets this Veeder-Root electrical predeter- 
mining counter. Electric rotary presetting provides compact arrangement 
of in-line numerals for easier legibility— even at a distance. Designers go 
for this counter that fits so neatly into original equipment. Other models 
and styles are available for existing equipment applications. Ali provide 
completely automatic recycling, automatic or push button reset. See what 
this versatile series can do for you. Write Electronic Controls Division, 


Veeder-Root Incorporated, Danvers, Mass. 
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count on...VEEDER-ROOT 


This new P-1801 counter Visit Booth (No. 3617-3619) 
at the Wescon Show 


for original equipment San Francisco Cow Palace 
is offered in four August 22-25 


© or six decades, 
> can be equipped 


for plug-in wiring. 
Counts 50% faster, 
resets 900% faster, 


§ than previous models. 
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Research 
vessel 


Clinker 
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tion of QOceanography’s Marine Physics 
Laboratory, scientists have designed a struc- 
ture 355 ft long, varying in diameter from 
16 ft at its bow to 20 ft at the stern. 

The big steel structure, called Flip, will 
be towed out into the Pacific Ocean, then 
flooded so that it sits upright with about 
50 ft of the structure above the water. Four 
scientists will stay in the buoy for a couple 
of weeks at a time collecting data while 
it drifts unpowered in the ocean. Cost of 
the buoy: about $2 million. 

The Naval Ordnance Laboratory plans 
to build a similar acoustic laboratory to be 
called Spar (seagoing platform for acoustic 
research). It will be 345 ft long with a 
uniform diameter of 16 ft, and will cost 
under $1 million. Spar will be used in 
the Atlantic. 

> An underwater research vessel that is 
a self-powered aluminum submarine capable 
of operating at 15,000-ft depths will soon 
be built to carry scientists to collect data 
on the ocean environment. It will have a 
45-mile range on the ocean bottom. 

> An ocean floor warning network that 
is a new approach to submarine detection 
is getting an initial funding from the Navy. 
Its developer, The Martm Company, pro- 
poses to search upward rather than down- 
ward for submarines. The plan calls for 
installing a network of transducers on the 
ocean floor every 100 miles. These would 
be powered by small nuclear reactors. 
Monitoring stations would be alerted im- 
mediately to any submarine crossing this 
undersea barrier. 

Initial tests of the Martin theory have 
proven highly successful, a company spokes- 
man says. Last December the system was 
demonstrated to the Navy using the Argus 
Island tower with sound equipment oper- 
ating at a 13,700-ft depth. Tests are still 
in progress there, with other experiments 
expected to be made at different locations 
later this year. 

> Project Clinker is an effort to detect 
submarines with infrared devices. Up to 
now, virtually all detection has been asso- 
ciated with listening to the sound made 
by the subs. For the past couple of years, 


Hughes Aircraft Company has been work- 
ing on a new concept that uses an infrared 
technique. The theory is that a submarine 
moving deep in the ocean creates a tem- 
perature ~~ hat on the surface of the 
water for four to eight hours after it has 
been in an area. Hughes suggests detecting 
this temperature change with airborne infra- 
red devices. 

Although the Navy is the big spender 
for underwater research, other government 
agencies are stepping up their programs, 
too. Apart from the Navy’s direct anti- 
submarine research, here is how the $97.5 
million for oceanography is divided: 

¢ Military—Ammy, Navy, and Air Force— 
increases from $22.1 million in 1961] to 
$32.2 million. It includes money for Arctic 
research and support for the new ocea- 
nographic data center established in Wash- 
ington D.C. late last year to serve as a 
clearing house for all oceanographic data. 

«Commerce Department—funds increase 
from $11.3 million to $24.6 million over 
the same period. The bulk of the money 
will be used by the Department’s coast and 
geodetic survey. Included is developmental 
work on echo sounders, deep-sea cameras, 
improved automatic tide gages, current 
measuring equipment, and sound velocity 
meters. 

¢ Department of Interior—increases from 
$8.7 million to $15.4 million. The largest 
chunk of this money will go to the Bureau 
of Commercial Fisheries. One program 
that will be pushed by BCF is to develop 
unmanned recording buoys for automatic 
data collection. 

¢ National Science Foundation—increases 
from $9.1 million to $19.6 million, mainly 
supporting university research programs. 

eAtomic Energy Commission—increases 
from $2.2 million to $3.6 million. The 
AEC program is geared to determine the 
effects of radiation, its dispersal, and reten- 
tion in the ocean environment. 

e Health, Education, and Welfare—in- 
creases from $698,000 to $1.1 million, and 
the Treasury Department’s for the Coast 
Guard remains at $134,000, mainly for ice 
patrol work. 


Other 
government 
projects 





PHILCO EPITAXIAL SILICON MESA 
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You would expect Philco, as inventor of industry’s 
most capable germanium logic transistor—the MADT, 
to design Silicon memory components with extra 
capability, too. And Philco has done it. The 2N2087, 
forerunner of a broad line of Philco epitaxial .silicon 
mesa transistors, offers an incomparable combination 
of parameters that may well be the special design 
solution you require: maximum BVcgo of 120 V., 
minimum hprg of 40 at 1Vce, maximum Vcg (SAT) 
of 0.5 V., minimum fr of 150 mc., maximum C,, of 
12 pf., and maximum t, of 100 nanoseconds. 








The new Phileco 2N2087. epitaxial silicon mesa 


delivers optimum drive for computer memory planes, 
serves as a medium power switch in airborne controls 
systems, and is ideally suited to a wide variety of other 
applications such as small power supplies, servo 
amplifiers, and automation controls. For complete 
information, write Dept. CE861. 
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LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 
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Problems Don’t 
Necessarily Mean Failure 


An experienced plant operator was heard to say: “Six of the latest elec- 
tronic speed control loops were installed a while ago. They worked for a 
week after the vendor’s engineers left and then quit one at a time. We 
could not afford to bother with them, so we switched back to manual 
rheostat control. The new gadgets have been gathering dust ever since’ 
At a technical meeting another user wanted to know why control suppliers 
couldn’t make rugged, reliable instruments. “The fancy new devices have 
to be handled like a watch, and why are there always engineers hanging 
over the new controls for three months after they reach the plant floor? In 
both cases the problems could be in the reliability and performance of 
the controls, but chances are as good or better that they were caused by 
unrealistic estimates of maintenance requirements or lack of education. 

An engineer makes an economic study of a new control system, finds the 
returns are ample to justify it, and goes ahead and purchases and installs it. 
But early failures and problems bring discouragement, causing the new 
controls to be discarded, even though the cost of additional maintenance 
might not upset the economics of the situation. There is no need for 
this if the buyer realizes ahead of time that some of the new control equip- 
ment may need more maintenance than the old, and if he makes some 
attempt to get realistic estimates during the study period. 

Query the vendor, find out who else has installed similar equipment, 
visit them, see whether they're satisfied and what their performance and 
maintenance experience has been. Then crank an additional cost factor 
based on this added knowledge into your economic justification formula 
and calculate potential return. If the answer still looks good you can go 
ahead with the satisfaction that you won’t have to shudder at every little 
problem, that you’re still making money even with the additional effort 
required to keep the newer controls in tune. 

Closely associated with this is the problem of operating personnel accep- 
tance. Educate them beforehand, point out what you're doing, why you’re 
doing it, and that in the long run the process will run more efficiently and 
vield better product. Often this education means the difference between 
cooperative acceptance and outright rejection. 

Do not automatically keep complex control systems out of your plant 
because of potential problems. See if you can’t put a realistic price tag 
on them. They may be the best paying problems you ever invested in. 
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the new Donner 
model 3735 dual 200000 
electronic multiplier S®, 900000 


Illustrating three of the Donner Model 3735 Dual Electronic Multipliers (6 channels) 
associated with one Model 3736 Multiplier Control. This equipment provides 6 independent 
a. Nite peemeecsaad channels, completely self-contained in only 15% inches of 
panel height. 


SINGLE QUADRANT 
MULTIPLICATION 
& SQUARING ACCURACIES 


Donner’s new multiplier combines more most wanted features and high accuracies at a 
remarkably low cost. Check these features: 1. 0.05% (FS) four quadrant multiplication ac- 
curacy. “= Completely compatible with all analog computers —no external power supplies 
or amplifiers required. 3. Built-in division and square root operations. . Modular con- 


struction with plug-in printed circuit cards. &. A 6 channel unit costs $3,800 or $633 per 
channel, compared to over $900 for comparable equipment. 


OTHER SPECIFICATIONS 


INPUT Four a eee 
range of +100 ) 


OUTPUT Two independent products, —0.01X:¥: and —0.01X2Ys, 
in the range of +100 volts at 10 ma maximum load current. 


DRIFT Less than 100 mv over an 8 hour period. 
NOISE Less than 100 mv, peak. 
PHASE SHIFT Less than 1° at 100 cps. 


ZERO ERROR With SS ae ee Om 
+100 volts, maximum error in product is only 40 mv 


The use of plug-in printed circuit cards in the DIMENSIONS Model 3736 Multiplier Control panel 5i4 x 
—— a Lo yf yo re 19 inches. 

ventilation and easy access to all components. Model 3735 Dual Electronic Multiplier panel inches.» 
—— R. ae unit. Available in 2, 4, meu 0 

or 6 channels. 








Complete technical information on the Model 3735 Dual Electronic Multiplier is ready now. 
Call your nearby knowledgeable Donner engineering representative, or write Dept.21, 


DO val hh E SCIENTIFIC 888 GALINDO STREET » CONCORD, CALIF. 
COMPANY MUlberry 2-616] 
A Subsidiary of Systron-Donner Corporation i 32 
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Constant Watts Protection 
Keeps Power Transistors Cool 


THE GIST: Fast response in controlling considerable power can be a transistor’s 
own undoing in the case of a voltage surge or momentary short circuit. 

Some form of fast protection against excessive voltage, current, or power is 
required. Here is a circuit that senses both current and voltage, and signals for 
reduced input whenever too many watts are being dissipated. The authors 

have included all the design equations needed to fit the protective circuit to any 
transistor and any set of operating conditions. They illustrate the circuit's 
application to a de power supply series regulator. 


C. S. WALKER and A. M. ROBERTS 
Low Voltage Switchgear Dept., 
General Electric Co. 


Excessive current, voltage, or power dissipation 
will destroy a power transistor almost instantly, so 
any adequate protective scheme must sense all these 
variables and operate quickly to remove the over- 
load. Fuses protect against overcurrent only and 
must be replaced when an overload does occur. It 
is difficult to design a circuit breaker that is fast 
enough but will withstand normal surges without 
tripping, and equally hard to be sure that an over- 
current or overvoltage relay will operate before the 
transistor is damaged. Current or voltage limiting 
circuits using transistors are simple, fast, and can 
be designed to be self-resetting, but they each pro- 
vide only half-way protection. 

The ideal circuit would multiply the power tran- 
sistor current and voltage and signal whenever the 
product is too great. This signal would be fed back 
to the driving stage and used to reduce the current 
to a safe level for that particular voltage. The power 
limiting circuit described here simulates this action. 
It senses both voltage and current and determines 
whether an excessive watts situation is occurring. It 
protects against short circuits and turnon transients 
when charging currents may be excessive, and auto- 
matically returns to normal when the dangerous 
loading conditions are removed. The circuit is 
simple, can be calibrated and tested without damag- 
ing any part of the system, and is relatively inde- 
pendent of changes in the operating frequency. 


Design approach 


The hyperbolic curve in Figure 1 represents all 
of the combinations of voltage V and current I 


AUGUST 1961 


that produce constaut power K. To protect a de- 
vice from excessive power dissipation, one must 
choose a safe value for K and construct a circuit 
that keeps the operating point below the correspond- 
ing hyperbola. Since a transistor also has maximum 
current and voltage ratings, its operation must be 
confined to the shaded area. It will be shown later 
that the required transistor operating points do not 
follow the constant watts hyperbola, so exact dupli- 
cation of this area is not required. 

The approach will be that a suitable circuit should 
produce a specified constant output signal if any 
condition exists that such V times I equals a pre- 
determined maximum allowable power. In con- 
structing such a circuit, the output is held constant 
while the input voltage and current signals are varied 
to produce a curve that approximates the safe power 
area for the transistor. Figure 2A shows the curve 
that was chosen for this particular power limiting 
circuit. Resistors control the straight portions of 


FIG. 1. Safe op- 
erating region is 
bounded by maxi- 
mum power hyper- 
bola and maximum 
voltage and current 
ratings. 





Complete protective circuit . 


FIG. 2. Actual limiting curve (for constant feedback signal), 
A, approximates hyperbola. Circuit, B, keeps Q, dissipation within 
bounds; values shown are typical of one power supply application 


the curve, and nonlinear elements (diodes in this 
case) change the slope at points B and C. 

In the actual circuit, Figure 2B, QO, is the power 
transistor to be protected, and R, is an emitter 
resistor that is required anyway if Q, is paralleled 
with other transistors. If Q, operates alone, R, 
must be added to the existing circuit. Note that 
a reference current, I,.,, is required, and that output 
current I, is to be constant for all maximum allow- 
able combinations of V;, and I;,. Under these 
conditions base current I, of Qs is also constant. 


How the circuit works 
To understand how the circuit in Figure 2B oper- 
ates, consider first the straight line portion of the 
curve, ABA’ in Figure 3A. Between points A and B, 
I,, and V, are relatively small, and V;, is large. As 
a result I,, is approximately zero, and the circuit 
reduces to Figure 3B. 
Since ABA’ is a straight line, its equation must be 
Kits + Ke Ve Ks (1) 
where K,, Ks, and Kg are constants that have to be 
determined. From Figure 3B, 
Top + Tos = Treg +1 


Also, BI, =1 and 
where B is the current gain of Os. 

If the voltage drop across CR, is the same as 
Vi», the Os emitter-base drop, then V, and the 
voltage across Ree are equal. Since V,» is very small 
compared to V;,, the voltage across Ros is approxi- 
mately equal to V;,._ Using these relationships and 
Ohm's law, Equation 2 can be rewritten as 

ly R, 4 Ver a fa a. Te 
Rea «Res Se 
Comparing Equations | and 3, 


aS 


and A; = RB 


and Equation 3 becomes 


I. 
B 


At A’, Vir = Vi maz, and Equation 3 becomes 


I R, \ Vi maz 
Ree R, 


Rearranging terms gives 


R l. 
ie (3: )(t ee 


If desired, the slope of ABA’ can also be found 
from Equation 3. 

To show why the safe power curve bends at point 
B, the functions of CR, and Res must be consid- 
ered. From Figure 3B, 

Tis + Inn = Is 

Io2 and Ixg are very neatly proportional to I, and 
V.,, tespectively, so as the operating point moves 
down toward point B, Iso is increasing and Io; is 
decreasing. At some point they become equal, and 
current ceases to flow through CR,3. ‘The circuit 
is then reduced to Figure 4B, and 

Tees + 1p = Inn + Tes 


The voltage across Res and Roo + Reg 
remain constant, and hence 


Rx (Ree “T R, v . oe " 
r = (ee +1 [ Ru + Rn + Re | mstant f 


constant 


must also 
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--. and its three operating modes. 





























FIG. 3. Between A and B, CRis conducts but 
CRu does not, and the circuit looks like this 


























FIG. 4. At point B, I~ = Iss, CRis ceases to 
onduct, and the constant I. line bends up 
































FIG. 5. Point C is where CRu begins carrying 


most of I,.; + In, and the curve heads down again. 
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If it weren’t for CRy, in Figure 2B, the charac- 
teristic curve for constant I, would continue to the 
right as in Figure 4A, but this diode causes the curve 
to bend downward. When V,;, the voltage across 
CR; (determined by divider resistors Rog and Res), 
is low, Ij; is small. When this voltage reaches a 
threshold value that depends on the forward char- 
acteristics of CRui, 11; rises exponentially. With a 
properly chosen diode and the right values of Reg 
and Ree, CRi; can be made to take over near point 
C in Figure 5A. 

The effective circuit is now as in Figure 5B and 

In + Te + Tos = Tree + > = constant 
Also from Figure 5B, 
Vi = Ios Rag + Ig Rog = Vos + Vic (7) 

Before CR, conducts appreciable current, Ing = 
Ing. After CRy; begins to conduct, it carries most 
of the constant current I,,; + I,, and the voltage 
drop across it, Vi1, changes very little. From Fig- 
ure 5B, 

Vos = Veo + Vu = constant 
The point beyond which V2. remains nearly fixed 
is C, and it is helpful to assume that Iog == Iv¢ at 
this point. This is not strictly true, for it would 
mean that CR; went from blocking to conducting 
instantaneously, but it is a useful approximation for 
locating C. Equation 7 becomes 


Vi - I Ree + Ix Ro _ Is (Res + Ra) 


Ras Vi 


and Vee = Ine Roe = In Ros = Ra + Ru 


= Vy + V.». = constant 


FIG. 6. Series regulator application and take-off points. 
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To protective circuit 
of Figure 28 


FIG. 7. 
Required output 
characteristics 
of typical 

power supply. 


Thus Vi = (Vu + Vos) (A 5%) =I, kh, 


and Tee = (Vu + Ves) (2 i) (x) (9) 


The values of V;, in Equation 6 and I,, in Equation 


9 represent point C where CR, takes control of 
the circuit. 


As V;, continues to decrease, Iog remains essen- 
tially constant. When Vy == Vi maz (point D in 
Figures 2A and 5A), Ize and Ios are nearly zero, 
and Iy; = Ie, + Iy. From Figure 5B, 

Vi = Veo t+ Vu + Vaz (10) 
and Vox = Ix4 Ros = rez +16 + I28) Rea (11) 
From Equation 8, 
Vu + Veo 

Reg 

Substituting this value into Equation 11 gives 
. Vu + Ve 
Vu = (1 +1, + ae» +) Ras 
Inserting this expression in Equation 10 yields 


I casa 


vi Vat Fa + (i +1483) +) Ras = Tie Ri 
26 


and 


P Rag 
Se 9 
tr R (12) 


Veo t+ Vn + (1 +Iy+ L ut} *) Ru 





at point D. 

The actual curve, Figure 2A, does not have sharp 
corners at B and C because the diodes conduct 
small amounts of current before reaching their 
threshold voltage. 


Application to a power supply 

In the basic de power supply series regulating 
circuit, Figure 6, OQ; varies voltage drop V+, so as 
to set Vou: at the desired value and keep it prac- 
tically constant. Vir == Vin — Vour at all times. The 
protective circuit was designed for a particular sup- 
ply with the characteristics shown in Figure 7. The 
supply had to deliver full rated current at 85-100 
percent maximum output voltage, and V+ had to 
be variable to near zero with proportionally decreas- 
ing load currents. 

Figure 8A includes V,, curves for high and low 
line voltage. For any load current (I;,) the max- 
imum value of V;,, is the difference between V,, 
and the minimum value of Vo. which the supply 
is rated to deliver at that current. Figure 8B defines 
these worst normal conditions, maximum allowable 
power dissipation, and the curve that the protective 
circuit must follow. After these three curves have 
been plotted, the equations giving the positions of 
line ABA’ and points B, C, and D can be used to 
determine component values. 

Once the shape of the curve is fixed, the whole 
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FIG. 8. Transistor has to handle difference between 

Vin and the minimum required value of Vous (A), 

and the limiting curve (B) must lie between the normal 
operating region and the maximum power hyperbola. 
Point Y (C) is the worst normal condition, and the 
limiting curve is shifted (D) to just clear it. 


FIG 9. Load line and limiting 
curve intersections spot 
overload operating points. 


curve can be shifted, Figure 8D, by varying I,., to 
change I,. (For given values of V;, and I;,, a de- 
crease in I,., produces an increase in I,.) The point 
to which I, is fed back determines the value of I, 
required to return the supply to a safe operating 
condition. Point Y in Figure 8C represents the 
worst possible situation for O, in normal operation 
and is set by the supply output ratings—V 4, == 85 
percent rated, and Ioy¢ = full rated. Once the pro- 
tective circuit is installed, I,., is adjusted until the 
circuit just begins to limit at this point. 

With the circuit operating, the maximum cur- 
rent for any particular V,,,- is determined by the 
intersection, point O in Figure 9, of the regulated 
output line with the power limiting curve. Line 
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OB corresponds to a load resistance value that is 
too low; the supply is overloaded and operates at 
point N, the intersection of the load line with the 
power limiting curve. If the supply is short cir- 
cuited, I, will be held to approximately the value 
shown by intersection M. 

It is also possible to have a value of load resist- 
ance represented by load line OPR, and if the re- 
sistance is further reduced, the output voltage and 
current may suddenly jump from R to P. This 
causes no difficulty in that the supply is already 
operating outside its normal range at point R, 
yet both points are within the maximum dissipa- 
tion hyperbola. When overload is removed, output 
returns to regulated value without manual resetting. 





Communications breakthrough 


New Teletype Automatic Data Interchange System 
(ADIS) now enables the Federal Aviation Agency to 
interchange aviation weather data coast-to-coast ten 
times faster than ever before. 


With this new electronic message switching system, 
the FAA effects a major advance in the speed, scope 
and flexibility of its weather communication service— 
which supports all civil and extensive military aviation 
in the United States. 


Nucleus of the system is a series of five Interchange 
Centers, located in Kansas City, Cleveland, Atlanta, 
Fort Worth and San Francisco. Each of these acts as a 
clearing house for a number of area circuits, or outlying 
“loops,”’ collecting data from observation points on 
these loops and providing the area circuits with data 
from other parts of the country. 


Teletype electronic communications equipment at 
the Interchange Centers carries out an automatic pro- 
gram of sequentially calling data-originating stations, 


classifying messages by priority, selecting only those 
weather items wanted at regional stations, and deliver- 
ing them to the area circuits—while maintaining the 
ability to handle emergency traffic when required. 


Ultra-fast communication between Interchange Cen- 
ters is provided by Teletype punched tape equipment 
operating at 850 words per minute, utilizing the Data- 
Phone concept. Stations on outlying loops are equipped 
with Teletype Model 28 page printer and punched tape 
units. Speed-conversion equipment permits automatic 
interoperation between the national circuit and the 
local loops. Thus the new system, which serves some 
2,400 locations, can report weather conditions from any 
part of the country in a matter of minutes. 


The FAA, through the years, has followed a program 
of continually upgrading its facilities to meet the needs 
of the nation’s growing air traffic. Teletype Corpora- 
tion is proud of its part in providing communications 
equipment for this vital service. 


TELE TT \¥Y PE 


CORPORATION © sussioiuany of Western Electric Company we. 
Dept. 21-H, 5555 Touhy Avenue @ Skokie, Illinois 
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Reducing 


Process Disturbances 
With Cascade Control 


THE GIST: Since 1947—when cascade control systems came into use in the proc- 
essing industries—principal emphasis has been placed on the benefits of inter- 
locking a primary process variable with a. secondary variable and reducing 
the effect of disturbances entering in the secondary loop. 

The author shows by analysis and transient response curves that still further 
advantage may be realized from cascade control by including significant 
process time constants in the secondary loop. Doing so reduces the over-all 
time constant, thus greatly improving the controllability of the primary variable 
when disturbances enter the process outside the secondary loop. 


PAUL U. WEBB, Phillips Petroleum Co. 


In a cascade control system, Figure 1, a primary 
variable C (level, for instance) is held closer to its 
desired value by interlocking a primary controller 
with a controller for a related secondary variable C’ 
(flow). The greater the static sensitivity and trans- 
fer lags between primary and secondary variables, 
the more important that cascaded systems be used. 

The advantages of cascade over single loop con- 
trol systems may be obtained from a comparison of 
the systems’ corresponding transfer functions with 
respect to setpoint inputs and load inputs. 


Setpoint disturbance inputs 


In the past the response of a process control sys- 
tem to a setpoint change was primarily used to 
determine process characteristics. However, with 
the advent of such devices as computer systems and 


Error detector 


chromatographs whose step change outputs can be 
applied as inputs to conventional controllers, the 
effect of setpoint disturbances takes on added im- 
portance, 

The conventional single loop control system is 
represented by Figure 2A, and the cascade con- 
trol system by Figure 2B. For the conventional 
single control loop, the closed-loop transfer function 
of the process output C with respect to the set- 
point r is 


HK ,G,KiG, KG: | l 


( 
r [ 1 + HK,G,KiGKA, 
The transfer function of the cascade system is 


( HK ,G,KyG:KG l 
rT : l oe HK,G,KsG:KG2 H 
Since the secondary loop by itself is 
K,.G.KaGi 
1 + K,G,KiG; 
and K, is assumed (as it must be) much greater 
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FIG. 1. Cascade control system inter- 
locks primary and secondary variables. 
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TRANSIENT RESPONSES TO LOAD 
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INVESTIGATING LOAD DISTURBANCE 
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uring element H has been eliminated from the main 
transfer function. (The term 1/H can be neglected 
in the comparison since it appears in both expres- 
sions.) Because C/r of the cascade system has a 
smaller ‘number of tratisfer lags than C/r for the 
single loop, the output of the cascade system follows 
a setpoint change faster than the single control loop. 


Load disturbance inputs 


One principal objective of a process control sys- 
tem is to eliminate the effects of load disturbances. 
Comparison of the transfer function for a load dis- 
turbance with respect to process output for the two 
systems, Figures 2A and 2B, will show how well 
each system operates, particularly with relation to 
the portion of the over-all process time constants 
included in the secondary loop. 

Considerable investigation has been undertaken 
regarding load disturbances that fall within the sec- 
ondary loop of a cascade contro] system, but little 
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work has been done to show the merits of such a 
system when the load disturbance falls in the pri- 
mary loop, not the secondary loop. This type of 
disturbance will be investigated here. The transfer 
function of interest is C/U. 
For the single loop system, Figure 2A, the trans- 

fer function is 

‘C KG; 

U  1+8K,G,KiGKS; 
and for the cascade control system, Figure 2B, the 
transfer function is 


K,G,KG: | 1 


( 
ee [ 1+ K,G,K.G, | K,G, 

It is quite difficult to compare the two systems 
using the literal form as given by the two preceding 
equations, but the block diagrams derived from the 
equations, Figures 3A and 3B, aid in the recognition 
of the outstanding differences. A system that per- 
forms well has a configuration that forces the out- 
put to follow the setpoint rather than a load dis- 
turbance. Thus, ideally the performance criteria are 

C/U =0 and C/r =1 
where 0 means no coupling and 1 tight coupling. 

Figure 3A shows that the single loop system has 
only one transfer lag KxGe2 in the forward path, so 
that C and U are more tightly coupled than is 
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desirable. Output C will follow a load change U 
too readily. In the cascade system, Figure 3B, C 
does not follow U so quickly ‘because of the loose 
coupling due to the primary controller, and process 
2 lags in the forward path. 

Furthermore, the multiple lags in the feedback 
path of the single loop cause any change in C due 
to a change in U to be delayed, thus maintaining 
U’ at a large value. This could cause an even greater 
disturbance at process output C. However, the cas- 
cade system has no lags in its feedback path so any 
change at point m is quickly fed back to reduce the 
disturbance. Even when a disturbance appears at 
point m the extended portion of the process 1/K,G, 
will attenuate it so C is affected even less. This 
attenuation, proportional to 1/K,, the primary con- 
troller proportional band, can be quite important 
in maintaining C at its setpoint value rather than 
letting it follow the disturbance. 


Studying cascade configurations 


A linear third order process was investigated using 
analog simulation to determine the effect on con- 
trol—when a disturbance enters outside of the sec- 
ondary loop—of including various portions of the 
process. ‘The process has three lags, with time 
constants of 0.5, 1.0, and 1.67 min. In the figures 





on pp. 74 and 75, these time constants are shown in 
their transfer function form. The process was simu- 
lated first with a single loop control system and then 
with a cascade control system. 

In the cascade configuration, the major process 
lag of 1.67 min was always in the primary loop, 
and the disturbance introduced to test the system’s 
regulating ability was a step change that always 
entered the process just before the 1.67 min lag. 
The secondary loop contained either the 0.5 min 
or the 1.0 min lags (with the other in the primary 
loop) or it contained both smaller lags. 

The simulated controller had proportional and 
reset modes. Its transfer function is 


1 
Kis+ 
6, ( r) 


6; ‘ 1 
‘+ 300 T, 


Here, T; is the reset (integral) mode time constant. 
The 200 associated with the pole is integral mode 
gain at zero frequency, and K is controller gain. 

In each case approximate controller adjustments 
were arrived at by first tuning the secondary con- 
troller without the primary controller cascaded onto 
it. Then the primary controller was connected and 
approximate adjustments were made on it. Opti- 
mum setting of each mode was accomplished by 
minimizing the integral of the absolute value of 


the error (IAE) in the primary variable. Since this 
was a simulated process, the physical variables are 
given in the dimensions of the analog domain, that 


is, in volts. For instance, the load disturbance was 
10 volts. Of the functions that were recorded, the 
two important ones were the values of the primary 
variable C and the JAE. Others are useful, how- 
ever, in making a complete analysis. 

Figure 4 is a record of performance of a single 
loop control of the process. Curve A is the response 
of the controlled (primary) variable after a step 
change load disturbance. Curve C is the IAE; its 
maximum value of 9 volts furnishes a performance 
index for evaluating the three other control con- 
figurations. 

Figure 5 depicts the performance achieved by cas- 
cade control with the 0.5 min transfer lag in the 


1AE number 


Reset mode, repeats /min 


FIG, 8. For configuration in Figure 7, some reset improves 
control, too much deteriorates control. 





secondary loop. The best controller setting showed 
that no reset action was needed in the secondary 
controller since a very high gain is permissible. 
Theoretically, this 0.5 min lag is reduced to about 
0.01 min by the secondary controller’s gain of 50. 
This high gain causes a definite improvement of 
performance by this system over the single loop 
system (K = 5) when a load disturbance enters 
the process at the designated location. Curve D 
shows that the maximum value of IAE was de- 
creased from 9 volts to 3.5 volts when compared 
with the single loop system. 

Curve A, the output of the secondary loop, is 
also the output of the primary controller since the 
secondary loop transfer function has been reduced 
to approximately unity. Thus, the primary con- 
troller output is the error amplified with integral 
action added. At steady state, the 9-volt output of 
the primary controller shown in curve A is from 
the integral mode. Thus the integral mode output 
permits load changes while the output is still held 
close to the primary controller setpoint value. 

Figure 6 illustrates the further improvement when 
the 1.0 min process transfer lag is in the secondary 
loop and the 0.5 and 1.67 min transfer lags are in 
the primary loop. A gain of 70 with a negative 
feedback around a 1.0 min transfer lag reduces this 
lag to 0.014 min. This reduction results in a [AE 
of 3, which is a decrease over Figures 4 and 5. 

Figure 7 shows a cascade control system with 
both the 0.5 and 1.0 min transfer lag in the sec- 
ondary loop. The IAE curve shows that control 
of the primary variable deteriorated slightly over 
that of Figure 6 but was better than Figure 4 or 5. 

The output response has a small high frequency 
component which is added to a larger slightly under- 
damped component. The higher frequency com- 
ponent is caused by two complex poles in the 
secondary loop. The slightly under-damped com- 
ponent is generated by the single process transfer 
lag and the pole and zero of the reset mode. If 
the secondary controller gain were reduced the 
higher frequency component would be reduced but 
a larger dc component would result. It was found 
that the secondary controller settings were more 
critical in this case than in others. 

Even though the time response of the system in 
Figure 7 is not as good as that of Figure 6, this 
configuration still has an advantage which the other 
does not have. That is, the probability of disturb- 
ances falling inside the secondary loop is greater. 
These disturbances can be regulated out very quickly 
with little effect on the primary variable. However, 
the settings of the controller modes become more 
critical. Figure 8 shows the effect of reset action 
in the primary controller with various secondary 
controller gains for the configuration in Figure 7. 
Furthermore, with multiple order lags in the sec- 
ondary loop some reset and rate action in the 
secondary controller will prove beneficial. 
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Wiring Terminal Panels by Machine 


—Computer assists in layout 
—Wiring machine completes job 


THE GIST: Machines are improving the wiring of complex terminal boards and 
panels in two different ways. A computing machine checks designs and makes 
drawings, saving designer man-hours. Then a wiring machine, working from a 
computer-produced deck of cards, takes over, enabling one machine operator to 
become as productive as 13 wiremen. Over 23,000 connections have been made 
in 24 machine-hours. The combination speeds up both design and production, 


and reduces cost in both. 


RAY K. GRIM General Products Div., 
International Business Machines Corp. 
DONALD P. BROUWER Gardner-Denver Co. 


Use of modules simplifies both design and pro- 
duction of a system. Working with standard mod- 
ules, a designer can assemble them into whatever 
structure or relationship is required. Production 
can be set up to produce many identical modules 
quickly and efficiently. Then pin-to-pin connec- 
tions are wired on the back of a panel receiving 
the plug-ins, to match the standard modules to 
varying logic network requirements. Appropriately 
connected, the simple building blocks become a 
complex decision-making system. 

But laying out the physical connections of a de- 
sign is time-consuming, and the manual pin-to-pin 
wiring of a panel is far less efficient than the mechan- 
ized production of identical modules. Realizing 
that this potential bottleneck would choke antici- 
pated production levels, manufacturing research 
looked for a more efficient method of handling both 
the planning and the wiring of the connections. The 
result of this two-pronged approach is a computer 
assist program for the design phase of laying out 
panel wiring, and a mechanized replacement for 
hand wiring the pin-to-pin connections. 


COMPUTERS ASSIST DESIGNERS 


Logic drawings are the basic document from 
which input to the computer is prepared because 
they are a desirable format for human comprehen- 
sion and communication. Every pin and signal line 
on the drawing is given a two-dimensional alpha- 
numeric code identifying the connection set or 
net. This information is then keypunched and the 


AUGUST 1961 


resulting deck of cards fed to the computer. Flow 
of information is from design engineer to the com- 
puter and back to the designer. 

Prior to loading the logic deck into the computer, 
the computer program is given extensive informa- 
tion concerning each of the modules being wired. 
The complete module description is entered using 
punched cards and is stored on magnetic tape. The 
module circuit is completely described. Pins are 
identified—whether input or output, whether logic 
or nonlogic function. Types and amounts of ac- 
ceptable loading, types of tests applicable to each 
pin, types of interconnections forbidden, and so 
forth are described. Armed with this exhaustive de- 
scription of each module, the computer program 
examines module-to-module hookup as implied by 
the logic drawing, and tests logic and hookup against 
criteria established by design engineering. 


Design checking 


Criteria in the program examine both logic and 
wiring for suitability as a system, and diagnose the 
logic designer’s plan. The diagnostic routines pro- 
vide written comments on four major sets of con- 
ditions that might require additional attention from 
the design engineer: 1) input data errors, 2) devia- 
tions from acceptable usage of circuits, 3) erroneous 
or incomplete connections, and 4) discrepancies in 
assigning plug-in modules. 

The diagnostic routines thus do not actually ac- 
complish any of the design of the logic, but instead 
check the design effort against established criteria 
of system acceptability. Computers can check more 
efficiently than humans, so the diagnostic routines 
relieve the design section of a considerable and 
tedious workload. At the same time, when a logic 
subsystem design causes no adverse comment after 





submission to the computer, the designer can be 
reasonably sure that the subsystem design will per- 
form adequately as a system and that it is com- 
patible with the larger system. 


Design drafting 


Much of the data-handling load of computer de- 
sign is also absorbed by the program. Two sorts of 
tasks are encountered in this phase of the design 
effort: the first, simply creating the paperwork and 
records necessary to the operation; and the second, 
keeping such records and documents up to date as 
change orders and design modifications occur. Keep- 
ing design records up to date is accomplished be- 
tween the computer and a tape storage unit by an 
updating routine. Each time a circuit, logic con- 
nection, circuit test, acceptability criterion, or other 
item is changed, the taped master file is updated. 
Thus, after a change has been made in the file, 
all the logic designs in the file and all the new 
designs subsequently submitted for diagnosis are 
examined in terms of the new data. This kind of 
paperwork can be confined to the tape file, avoid- 


COMPUTER 
PANEL WIRING 


FIG. 1. Profusion of 
wires and closely 
spaced pins typify 
computer back panels. 


ing the confusion normally encountered with the 
proliferation of outdated design records. 

Outputs resulting in records external to the com- 
puter include printed logic diagrams, printed logic 
drawings for panel fabrication, bills of material, 
wiring lists, connection lists, component counts, and 
various other documents. 

Punched card output of the computer program 
serves as input to the Gardner-Denver wire wrapping 
machine. Control decks for the wire wrapping ma- 
chine can also be computer-produced from a deck 
of cards containing the desired wiring and routing 
specifications. Whether the computer works from 
logic drawing input or from a wiring deck input, 
preparation of the machine control deck is basically 
a translation operation. The input deck would list 
a pin location as B-12-R (row B, twelfth module 
connector, pin R on that connector), whereas the 
wire-wrapping machine sees this same pin on a 
Cartesian grid, located 37 increments along the 
X axis from zero and 46 Y increments from zero. 

Computer output for wiring is punched on binary 
coded cards. One card contains all the information 


a ee ee eee, es fo coe te 


WIRE-WRAPPED 
BY MACHINE 


FIG, 2. Gardner-Denver 
“Wire-Wrap” (trade mark) 
card-controlled machine 
completes a wiring 
sequence in about 5 sec. 





required to attach one piece of wire at both ends. 
Routing can be direct (straight-line) or indirect 
(using “via” points), but must avoid an accumula- 
tion of wires across the middle of the panel, exces- 
sively long lines, and line-to-line interference as 
much as possible. 


TAPE-CONTROLLED WIRING 


Confronting either the wireman or the wire 
wrapping machine are 4,480 pins protruding through 
the black phenolic resin of a panel. In manual 
wiring production, the wireman works from a wiring 
list containing “From”, “Via”, and “To” specifica- 
tions for each wire. Selecting a prestripped length 
of wire (length is indicated on the wiring list) and 
using an air powered wire wrapping tool, he at- 
taches one end of the wire to the “From” pin, 
routes the wire, and connects the other end to the 
“To” pin. This operation is repeated, following 
the list, until a completed panel results, as shown 
in Figure 1. Because of the close proximity of pins 
(0.125-in., center-to-center), the number of con- 
nections, and density of wiring, human errors occur. 


NOMENCLATURE 


Symbol Designates 

a “A” carriage 
“B” carriage 
Couple 
Dresser 
Front 
Rear 
Tool for wrapping 
Longitudinal axis 
Transverse axis 


B 
Cc 
D 
F 
R 
7 
x 
Y 





X-axis 
(A) Reor drive chain 
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A slide group 
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ATC | - BTC 


AT 


AFD | | BF 


ABXC Front_ ABYC X-axis 
A&B coupled 6B Front drive 
group, X-axis os chain 











FIG. 3. Wire wrappers and dresser fingers 
move in a specified sequence to 
route and connect each wire. 


Troubleshooting such errors adds to the time re 
quired for an already time-consuming operation. 

The mechanical counterpart of the wireman is 
equipped with a reel of wire, strippers, cutters, 
dressing fingers for routing the wire around corners, 
and wire wrapping heads. Wiring instructions are 
fed to the machine by a deck of punched cards. 
Movement data (cols. 6, 8, 19, 12, 14, 16) is in bi- 
nary, giving the destination point on a 0.125-in, Car- 
tesian grid. Routing data (cols. 3, 5, 7, 9, 11, 13, 15) 
selects the order of tool slide movement. 

To route and attach a length of wire in the 
U-pattern shown in the middle of Figure 2, four 
different points must be described on the card in 
XY coordinates and located by the machine’s con- 
trolled members. Two “Via” points locate the 
dressing fingers around which the wire is bent 
(bottom corners of the U-shape) and two points 
locate the wire wrapping heads that descend and 
wrap the wire around the “To” and “From” pins 
(stem ends of the U). The several controlled move- 
ments required to wire this configuration are listed 
in the text accompanying Figure 3. 
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SEQUENCE 


1. B gripper grips previously stripped wire end. 

2. Both tool groups move as a unit to locate A group over point 
N and group A is locked against further X axis movement. 

3. B tool group moves over point O and locks against further 
X axis movement. 

4. Both forward dressing fingers (AFD, BFD) are dropped and 
locked against further Y axis movement. 

5. Remaining tools in A group (ARD, AT) and B groups (BRD, BT) 
locate over points M and P. 

6. Wire is cut and stripped (trailing end of wire being installed 
and leading end of next wire to be installed). 

7. Wrapping bits close and the wire is ready for wrapping. 

8. Wrapping bits descend and wrap wire around terminal pins 
at M and N. 

9. Dressers release wire, groups retract and tool groups rejoin. 





Machine-wiring back panels 


The configurations shown in Figures 2 and 3 
are among 40 different patterns that the wiring 
machine can execute. Restrictions on patterns avail- 
able are necessary—six different heads moving in 
X and Y directions must observe restrictions on 
movement to avoid traffic collisions. This is ac- 
complished by a system of coupling all the heads 
together, moving them as a unit, then uncoupling 
and locking one portion of the unit to allow the 
rest of the units to move away from the locked 
unit. For movements along the X axis; the B car- 
riage (BRD, BT, BFD in Figure 3) is powered 
and the entire A carriage (ARD, AT, AFD) moves 
in the X direction only while it is coupled to the B 
carriage. Thus, at the start of any wiring sequence, 
the A and B carriages are coupled. The first move- 
ment must always be along the X axis to the destina- 
tion of the A carriage. ‘The A carriage is then locked 
at this coordinate, after which the B carriage moves 
along the X axis to its destination and then locks. 

To move the dressers and wrapping bits along 
the Y axis, both rear dressing fingers (ARD, BRD) 
are powered. For Y axis movement, the other 
tool heads (AT, AFD, BT, BFD), are towed to 
their destinations by the rear dressers. Once locked 
at destination, (for instance, locking the AT-AFD 
couple), the rear dressers move to their final Y 
axis destination. In this fashion, four tools (AT, 
ARD and BT, BRD for example) are located at 
their XY coordinates. The wire end in the B 
wrapper is already stripped. At the A carriage, wire 
is cut and stripped (stripping sufficient insulation 
to leave the next wire end ready for wrapping by 
the B wrapper at the end of the next sequence), 
then both wrappers descend to the programmed Z 
level and wrap wire around the pins. All units then 
withdraw and rejoin for the next wiring sequence. 

Some of the wiring patterns possible on the ma- 
chine are shown in Figure 4. The wiring configura- 
tions would be unreasonably restricted if it were 
not for other controlled movements on the ma- 
chine. To increase the number of wiring configura- 
tions, the back panel is mounted on a rotating 
table beneath the gantry-mounted wiring and dress- 
ing heads. The table is card-controlled to position 
at the four quadrant points about a circle. The 
positions are labeled Table Rotational Positions, 
TRP 1, TRP 2, TRP 3, TRP 4 in clockwise progres- 
sion. Priority of tool movement is dependent on 
the table position, and a conversion of panel coordi- 
nates to rotated table position must be made. For 
example, when the table is in normal position, the 
first movement of a sequence is to the X panel 
coordinate of the A tool group. But when the table 
is at TRP 2 (90 deg CW from normal, or from 
TRP 1) the first movement is to the Y panel co- 
ordinate of the A tool group to be consistent with 
the programmed Cartesian addresses. In a similar 
fashion, the signs of axis movement must effectively 





be reversed. Decreasing Y values at TRP 1 become 
increasing Y values at TRP 3 (180 deg from TRP 1). 

Another limitation exists potentially in that the 
amount of travel available to a machine member 
is less than the major dimension of the back panel. 
This potential difficulty is removed by machine 
design—the chassis mounting fixture (pallet) is 
mounted on the table so that it can move longitu- 
dinally (in relation to TRP 1) in seven increments 
of 2.75 in. Wiring is thus programmed to occur 
in 7 different areas corresponding to the Pallet 
Longitudinal Positions (PLP 1 through 7). 

Basic design of the machine thus permits wiring 
any of the 16 patterns at each of the 4 table posi- 
tions, providing about 40 wiring configurations in 
all. Shifting the pallet permits wiring of the entire 
back panel, despite axis travel limitations. In all, 
the machine can install about 98 percent of the 
wires of an average panel. The two percent to be 
hand wired are long wires and wire different from 
the reel wire (shielded cable, etc.). 


Machine drives and controls 


Construction and drive devices for the machine 
can be seen in Figures 2 and 3. A chain drive 
attached to the axis provides motion. The sprocket 
driving the chain is shaft-coupled to an hydraulically- 
powered spur gear, the power stroke of an hydraulic 
cylinder being translated from linear to rotary mo- 
tion by a rack and pinion arrangement that is 
connected to the spur gear 

Hydraulic cylinder action is governed by a servo- 
valve. When a movement signal is read from a 
card in the control deck, a bridge circuit is unbal- 
anced, which opens the servovalve. Feedback to 
the bridge circuit is provided by a potentiometer. 
When the axis reaches position, the bridge signal 
nulls, closing the servovalve. A locating sprag then 
throws in, followed by a shot pin in the carriage 
rails. Shot pin receivers are machined at precise 
0.250-in. intervals, to accept either of two shot 
pins, spaced 0.125 in. apart, so that final axis 
location (achieved by throwing the shot pin) is 
accurate and independent of the servo loop. One 
shot pin is actuated for odd numbers, the other 
for even numbers. In effect, the servo controls 
coarse axis positioning and the shot pin arrange- 
ment final positioning on a 0.125-in. grid. 

While the tool-carrying slides are moving, the 
table rotates and the pallet slides to a new position 
(if required by the control card). A geneva motion 
unit, powered by an airmotor, indexes the rotary 
table. The pallet shift is accomplished using a 
double acting cylinder and a gripping device on 
pallet index pins. 

When all the tools are in position, the Z motion 
command is actuated. The tools descend to the 
programmed level and wrap the connection. Dif- 
ferent levels of wrap on the pin are programmed 
when more than one wire is connected to the same 
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pin. The wire is fed directly from a machine- 
mounted spool, stripped, and cut to length. End 
strippings are blown into a tube and dumped to 
avoid having them drop into the panel being wired. 

Reading proceeds from column | to column 72, 
from left to right across the card, and determines 
the sequence of machine actions. The first 2 col- 
umns contain the card sequence number, the last 
two columns contain the number of the next card. 
In any wiring sequence, the final controlled move- 
ment is wrapping the connection. This wrapping 
signal triggers the read-in of the next card number 
(columns 71 and 72), which is held in storage. 
When the next card is read, its card number (col- 
ums 1 and 2) is read and compared to the card 
number previously stored. If the two numbers 
match, storage is cleared and the machine com- 
mands (columns 3 through 16) are read in sequence. 
Odd-numbered card columns route the signal, even- 
numbered columns command movement. Column 
4 sets up four machine members—the pallet, the 
table, and the Z level for the two wrapping bits. 
Subsequent even-numbered columns contain the 
address (in binary) of an X or Y coordinate. This 
address number, working through a decoder matrix, 
sets up a voltage proportional to one of the X or Y 
grid lines in this absolute system. The same address 
number also signals the odd or even shot pin. Odd- 
numbered columns address the signal to the dif- 


ferent carriages and heads. Up to six movement 
commands (through column 16) may be required 
for some patterns; if fewer commands are needed, 
the control skips from the last-read column to 7] 


and 72, where the next card number is read. 


Protection against wiring errors 


Unlike its human counterpart, the machine tries 
to correct errors before they become wired connec- 
tions. A reading fault stops the machine whenever 
a card is out of sequence or whenever parity fails 
to check (odd number of punches required in each 
column). For either type of fault, the remedy is 
simple. Out-of-sequence cards are refiled manually. 
Note is made of missing cards and the machine 
restarted. Later, this connection can be made man- 
ually or by card. If a faulty card is revealed by the 
parity check, it is removed and the situation treated 
as though the card were missing. 

Though the machine rarely fails to execute com- 
mands properly, three types of execution errors are 
possible—XY position faults, Z position faults, and 
connection faults. These faults cause the machine 
to stop. An XY position fault occurs when a tool 
group fails to reach its programmed destination. 
Examination of the card and the machine reveals 
the means of correction. A Z position fault occurs 
when either of the tools fails to descend to its pro- 
grammed Z level. This can be caused by misaligned 
or bent terminal pins. Connection faults are de- 
tected by failure of a wrapping tool to lift itself 
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FIG. 4. For each wiring pattern, the tool 
slides must move in a specific order. 
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sufficiently as it wraps. This condition occurs when 
no wrap or a wrap with insufficient turns is made, 
indicating a poor or missing connection. The con- 
dition is brought about by lack of wire, broken wire, 
a wire dropped by either tool, tangled wire or a 
deformed terminal pin. Inspection reveals the ap- 
propriate correction measures. 

These error prevention circuits help to reduce 
the occurrence of misrouted wiring and improper 
wiring and lessen the need to use production time 
for the correction of wiring faults. 


DOUBLE GAINS FROM SYSTEM 


Numerically controlled wiring provides sufficient 
pioduction gains over hand wiring that it is eco- 
nomically justifiable even when its control deck is 
hand prepared. With a computer program for pre- 
paring the control deck, the economic gains are 
increased. The wiring machine cuts down errors sig- 
nificantly, reducing the cost of debugging and correc- 
tion of production wiring. Wiring rates are fast; a 
pattern is connected in 4.5 to 5.5 sec. Moreover, the 
machine handles design changes readily—a different 
card is inserted in the deck. 

Computerized preparation of production docu- 
ments gives efficiency to the task of translating 
designs into production information. Errors are 
reduced, lead time is reduced, and less paperwork 
is required. Computerized design checking and 
diagnosis relieves the design department of a con- 
siderable load and assists the logic designer in 
producing trouble-free circuitry. The combination 
—computer assisted design and numerically con- 
trolled wiring—is already being studied to extend 
the gains further in both directions. With research, 
the design assist programs will be able to handle 
more phases of design, and numerical control will 
handle a greater part of production. 











Foxboro Consotrols 


selected for new Celanese plant 
in Pampa, Texas 


Foxboro Consotrols 


Foxboro Consotrols 
selected for new Celanese spe- 
cial products and vinyl acetate 
units at Pampa 


selected for new Celanese and how 
acrylate unit at Pampa. 
° eee 


Foxboro M/54-58 Consotrol Recorder-Con- 
trollers feature full-scale 4-inch vertical- 
travel chart; ready adaptability to changes in 
processing requirements. Instruments mount 
on 7-inch centers for minimum panel size. 
Unique “floating disc” M/58 Controller has 
unmatched stability, sensitivity, and reliability. 


Foxboro Consotrols 
major new 


Thirty million pounds of acrylates a year is the capacity of the 
newly-expanded petrochemical plant of Celanese Chemical 
Company, Pampa, Texas. 

Foxboro Pneumatic Consotrol Instruments have been the 
nerve centers of the entire plant since the first panel was installed 
in 1951. Why the continued preference? M. A. Gann, Instrument 
Supervisor, puts it this way: 

“We have over a thousand instruments in this plant. Accuracy, 
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Newest Foxboro Panel, designed and built by Foxboro for in new Higher Acrylates Unit. Foxboro flow, te: 
Celanese Chemical’s Pampa, Texas plant, controls processing and pressure transmitters are also used exclusively 


are Selected again for 
Celanese expansion at Pampa! 


reliability, and low maintenance are absolute musts, and we’ve 





found that Foxboro Consotrols consistently deliver on all counts.” 


Foxboro’s M/54-58 Recorders-Controllers, for example, pro- 
vide repeatability of +0.1%, complete “pull-out” convenience, 
and the most stable control action of any instrument in the field. 
Write for Bulletins 13-18 and 13-19. Get the whole story on nee UB PAY OFF 


Consotrols. See what they can do for you. The Foxboro Company, 
858 Neponset Ave., Foxboro, Massachusetts. 


*Reg. U.S. Pat. OF. 
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FIG. |. Test fixture on rate table (left) stops 
gyro rotation and displays decaying output on scope. 


Step Input Checks 
Rate Gyro Damping 


Using the step input method described here, rate gyro damping ratios can be 
measured in less than 4 min. Error is under 5 percent for damping ratios less 
than 0.65, under 10 percent for larger ratios. The technique is ideal for both 
production lot checking and trial and error adjustments during production. 


JOHN A. MAYNARD, Boston Division, Minneapolis-Honeywell Regulator Co. 


In system applications of rate gyros, damping 
ratio tolerances of 20 percent over a wide tempera- 
ture range are not uncommon, and 100 percent 
production lot testing is often essential to insure 
specification compliance. Usually the gyro is oscil- 
lated around its axis at controlled rates, and the 
gyro output is measured as a function of the oscil- 
lation frequency. The measured amplitude and 
phase versus input are then plotted and compared 
with a family of response curves (usually the theoret- 
ical second order curves) for the gyro to determine 
the damping ratio. 

One short cut involves measuring the gyro output 
amplitude at essentially zero forcing frequency and 
at the natural frequency, and calculating {, the 
damping ratio from £ = 1/2A where 


output at natural frequency at some peak rate 


‘output at very low frequency at the same peak rate 





But even with this short cut, expensive and com- 
plicated equipment is required to supply known 
and controlled sinusoidal rates and to measure the 
gyro output, and tests are needlessly long. 


Step input test method 


The step method measures damping ratio while 
the gyro is mounted on a rate table, Figure 1. This 
is advantageous from a production standpoint since 
100-percent rate table testing is also a requirement, 
and the same setup can be used for both tests. 
Actually, the gyro is held in a special fixture that 
is itself mounted on top of the table. While the 
table is running at constant speed, the gyro has a 
constant output. The operator introduces the step 
input by stopping the gyro-holding fixture abruptly, 
while the table continues to turn. The mechanism 
that stops the fixture also triggers horizontal sweep 
in an oscilloscope, and the gyro’s decaying output, 
connected to the vertical plates of the scope, is 
photographed with a Polaroid camera. 

If the gyro has a damping ratio of 0.65 or less, 
a simple measurement on the photograph of two 
peak amplitudes gives all the information necessary 
to find the damping ratio. For ratios above 0.65, 
two time intervals are measured instead. The pic- 
ture provides a permanent record of gyro perform- 
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Technique adapts to 
low damping ratio . . . 

















Time 





FIG.‘2. Step input applied to gyro. 


ance, and the entire process takes less than 4 min 
per gyro when damping is measured at room temp- 
erature, If measurements at higher temperatures are 
desired, a simple heating block can be provided 
around the gyro, and the test takes a little longer. 

To the extent that the actual rate gyro differs 
from an ideal second order mechanical system, the 
following analysis and the method err. But tests 
using this method in comparison with more elab- 
orate ones have shown less than 5 percent error 
for damping ratios of 0.65 and lower. The scheme 
employed for ratios above 0.65 is inherently less 
accurate, but less than 10 percent error is achievable. 


Why and how it works 
A rate gyro is a spring restrained, damped mass. 
The differential equation describing the system is 


& o 


Hw = 1, +¢ + Ko, (1) 


where 
6, = angular deflection of gimbal around output axis 


oe angular velocity of gimbal around output axis 


a6 : r ’ 
Tr = angular acceleration of gimbal around output axis 


H 

Ww 

I, 

C 

K 
When the system is forced by a step input, Fig- 
ure 2, the solution of Equation 1 for gyro output is 


Heo 1 my. ——- 
—- 3 6 sin ( watvVl—?— y) (2) 
K vi-#? 2 


angular momentum of the gyro wheel 

angular rate applied around the gyro input axis 
gimbal inertia 

damping constant 

spring constant 


munnuand 


where 
[x 
in = V7.’ the undamped natural frequency 


ak ae 
Kew Zante’ 


The family of gyro output versus »,t curves in 


— 
the damping ratio, and ¥ = tan~? —_—__+ 
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Gyro output 


Ratio of first overshoot peak amplitude to amplitude at t, 
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FIG. 3. Overshoot peak amplitude can be 
measured accurately if damping is small 
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FIG. 4. Ratio of two amplitudes 
defines damping ratio 


FIG. 5. Decaying output of 
gyto with 0.49 damping ratio 
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FIG. 6. In highly damped case, three 
attenuation levels are marked off. 


Figure 3 was obtained by substituting values of ¢ 
between 0.05 and 1.0 into Equation 2. For damping 
ratios less than about 0.65, the first overshoot is 
large enough that its amplitude can be measured 
accurately, and the ratio of the output at time t, 
to the peak output of the first overshoot uniquely 
defines the damping ratio as in Figure 4. To get 
this curve, Equation 2 was differentiated, equated 
to zero, and simplified to the form 


f 


cot (wat VI — § — ¥) = — === 
vli-# 

Next this expression was solved for the values of 
wt corresponding to the first overshoot for each 
of several values of ~ Then these values of wat 
and ¢ were used to solve Equation 2 to get the max- 
imum value of the first overshoot for each damping 
ratio. The overshoot amplitudes were divided into 
the output at t = t, and the ratios plotted against ¢. 

Figure 5 is an oscilloscope photo showing the 
output of a gyro with a damping ratio of about 
0.49. Time t, is at the left. The tester has only to 
measure the amplitude at t, and at the peak of the 
overshoot (in any convenient units), divide the 
two, and determine ¢ from Figure 4. 

When the gyro damping ratio is above 0.65, 
the amplitude of the first overshoot is so small that 
noise and amplitude measuring errors become a 
problem. To overcome this, direct measurements 
along the time base, w,t, are made from the photo. 
The ratio of two such measu:ements defines the 
damping ratio and avoids the need for careful meas- 
urement of natural frequency op. 

Any number of schemes can be used. One is to 
determine the points along the time base when 
the amplitude has decreased by 10, 60, and 90 
percent (t, is not used because it is hard to deter- 
mine accurately from the picture). Figure 6, a 
sketch of the response that would be seen on a 
photo, shows these 10, 60, and 90 percent attenua- 
tion points. The time ratio ac/ab is a function of 
the damping ratio in a second order system. Fig- 
ure 7, which shows the relationship, was obtained 
by solving Equation 2 for the ot values that give 
10, 60, and 90 percent attenuation at various damp- 





FIG. 7. Ratio of times between 10, 60, and 
90 percent attenuation yields damping ratio 


ing ratios. This is less accurate than the amplitude 
method, because the number of measurements to 
be made on the photograph has increased. 


Rate table modification 


The rate table fixture base is made of insulating 
material and is solidly attached to the center of 
the table top. A pin on the bottom of the gyro 
mounting disc rests in a ball bearing in the center 
of the fixture base, so gyro and mount can pivot 
with respect to the base. 

As long as a plunger is retracted, the gyro mount, 
along with its stop arm and _ counterbalance, 
rotates with the table top at the rate selected for 
the test (10-30 percent of gyro full scale rate). 
When the plunger holder is pulled back, the tapered 
plunger falls into a tapered hole in the bracket. 
Since the bracket is rugged and the pin fits tightly 
in its hole, the gyro mount stops abruptly when 
the arm hits the pin, while the rate table and mount- 
ing disc keep on going. With proper adjustment, 
friction between the mating surfaces of the discs 
and base guarantees that the arm will not bounce. 

To avoid the need for slip ring connections be- 
tween the fixture base and mounting disc, the gyro 
is fed directly from the table top terminals through 
a cable with some slack. About 2 or 3 sec after 
impact the plunger is pulled up, allowing the gyro 
to rotate with the table again. 

Only coarse adjustment of sweep speed is re- 
quired, but the speed should be such as to present 
gyro output from time t, through the first overshoot 
peak for £ = 0.65 or until the gyro output drops 
to nearly zero for £ > 0.65. For gyros with low 
damping ratios, this time, T, from Figure 3, is ap- 
proximately 4/o,. If natural frequency is 30 cps, 

4 4 
Qi, ae X30 
With a pickoff carrier frequency of 400 cps, only 
8 cycles of the carrier are displayed, and it is dif- 
ficult to measure amplitude or attenuation level 
accurately. If the carrier frequency is 2,000 cps, 
the picture includes 40 cycles, and measurement 
is simpler and more accurate. 


7 = = 0.02 sec 
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Magnetic Core Converts 
Voltage to Pulse Duration 


New analog to digital converter uses low-level input voltage to set flux density in 


magnetic core. 
portional to input level. 


Switching action then generates a pulse with a time duration pro- 
A count of clock pulses for time interval yields number of 


pulses equivalent to input voltage. Since there is an individual element for each 
input, low-level signals do not have to be commutated and outputs can be calibrated 
in engineering units. This article shows how it works and describes a typical system. 


V. A. VAN PRAAG, WILLIAM STANKE, and DAVID VAN MINDENO, Electro-Logic Corp. 


Converting each input voltage to a corresponding 
flux level in a magnetic core permits the construction of 
special purpose low-level analog to digital converters, in 
which the conversion to a common pulse mode is done 
before multiplexing. As a result, the individual conver- 
sion devices or Transponders can be calibrated in the 
engineering units of the measurement and can be 
adapted to generate a command on input transducer 
failure. The low-level signals developed by thermo- 
couples, strain gages, and similar transducers are con- 
verted into high-level high power pulses whose time 
duration rather than amplitude is proportional to the 
input voltage. Pulse counting techniques can transform 
this pulse duration into a three or four decimal number. 

The devices are completely solid state, accurate to 
about 0.1 percent, and require very little power and no 


FIG. 1. 
and its hysteresis curve. 
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Three-winding magnetic core 


closely regulated voltage or current supply. The use 
of the magnetic core hysteresis effect permits nonvola- 
tile storage, so that the devices can be operated in a 
simultaneous sample-and-hold mode without deteriora 
tion of information. Sampling speeds are up to 800 
times per sec, with higher rates obtainable by using digi- 
tally interlaced output counters. Conversion to pulse 
duration form as close to the source as possible has 
several advantages: no low-level amplifiers or commu 
tators are required, crosstalk between channels is elimi 
nated, and multichannel systems are handled by time- 
shared digital equipment with an inherent accuracy 
of plus or minus half a count of the clock frequency. 


How it works 


The heart of the Transponder is a three-winding 


— 


FIG. 2. Input signal t 
proportional pulse duration. 











90 
conversion 
units 

















Input 90 














To format 











Counter 
12-bit BCD 12 lines control 











12 poraile! 


Reset R lines 











eS Lines 
5 6-95 


95 lines 


= 





Motrix 














magnetic core, Figure 1A, in which the conversion is 
executed in two operations. Initially, the analog input 
applied to the control winding, with the aid of a bias 
signal, drives the magnetic core out of the region of 
positive flux saturation toward negative saturation. The 
analog input is sampled during this “set” mode of oper- 
ation. Then the core is switched back into positive flux 
saturation with a signal on the switch winding, con- 
verting the analog input to a pulse duration during this 
“conversion” mode. 

This excursion out of and back into the region of 
positive flux saturation is shown in Figure 1B. The 
bias signal applies sufficient magnetizing force H, to 
move the core out of positive saturation to the knee 
of the B-H curve. The addition of the variable input 
analog signal results in a proportional change in the 
magnetizing force applied to the core, H,. This causes 
a proportional shift in flux density in the region of 
maximum sensitivity and linearity below the knee of 
the curve. Set time and control turns remain constant so 
that flux change is proportional to input voltage. 

The switch winding drives the core back to positive 
flux saturation, resulting in a pulse appearing across the 
switch winding. The pulse is initiated at the start of 
the conversion period when the switch winding has a 
high impedance, and is terminated as the core goes back 
into saturation as the impedance drops abruptly at the 
knee of the B-H curve. 

The sequence of events is shown in Figure 2. The 
input is sampled during the set period and converted 
during the conversion period to the irregular pulse 
shape shown as the Transponder output pulse. In a 
multichannel system this output is applied to a common 
pulse shaper, permitting time sharing of the output 
counter and control logic. 


A look at some typical characteristics 

The Transponder’s design parameters can be altered 
within limits to fit the needs of each application. The 
permissible range of the key variables is: input voltage— 
100 microvolts full scale or greater; source impedance— 
1,000 ohms or less; conversion rate—800 ops or less; 
minimum and maximum pulse duration—0.5 to 1.5 
millisec or greater. 

These variables are interrelated by power sensitivity 
so that they cannot all be optimized simultaneously. 
Input power must never be reduced below 25 x 10° 


1.7 millisec 


FIG. 3. System with 90 channels 


watts full scale or accuracy and repeatability will dete- 
riorate. The device is basically a 0.1 percent element 
with a resolution of 1/1,000. Linearity is plus or minus 
2.5 percent and is repeatable to plus or minus 0.1 per- 
cent. The common mode rejection is at least 80 db 
when applied to a balanced input. Power requirements 
are 150 milliwatts at 12.5 plus or minus 0.3 volts. 


A multichannel system 


+ 


The system of Figure 3 scans 90 channels of thermo- 
couples and strain gages at a rate of 450 samples per 
sec for recording on magnetic tape in a given computer 
format. The 90 Transponders sample all channels simul- 
taneously on receipt of a set pulse. At the end of the 
10-millisec set period all information is in storage in 
the cores until it is scanned. Interrogation over lines 
6-95 is at a 2-millisec rate, or 500 samples per sec. 
The system’s speed is 180 millisec (2 millisec per chan- 
nel scan of 90 channels) plus 10 millisec for the set 
period, or 190 millisec. Commutation is by interroga- 
tion of each device in the order desired. 

Output pulses are applied to a diode OR gate, one at 
a time. The pulse duration signals from the OR gate 
are delivered to a diode AND gate together with the 
pulse train from a 1-Mc crystal clock. At the conclu- 
sion of the counting period, a binary coded decimal 
number proportional to pulse duration is available in 
the counter. This can then be converted to the required 
format. This sequence is repeated for each channel. 

For this particular system, output pulse duration 
varies from 0.5 to 1.5 millisec. The period from 0.5 
millisec to 1.5 millisec is the information content 
period, corresponding to information zero (I,) and 
information maximum (Inez). To obtain an accuracy of 
0.1 percent, a 1-Mc clock rate is required to divide each 
1-millisec period into 1,000 parts. If bipolar quantities 
are applied as analog inputs, the Transponders must be 
offset to count bidirectionally. 

The 1-Mc clock frequency applied to a divide-by- 
2,000 circuit gives the 500-pps output required for the 
interrogation circuitry, and for readout and counter 
reset. The pulse train goes through a series of flip-flops 
to a matrix network, where 95 lines are made available. 
For each pulse applied to the 95 counter a successive 
line becomes active. The 10-millisec set period is ob- 
tained by gating lines 1 through 5 of the 95 outputs. 
This provides a 10-millisec pulse which is gated to the 
90 Transponders in parallel. 
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18 Process Streams 
Successfully Analyzed 
by Chromatographs 


H. J. MATER, The Perkin-Elmer Corp. 


Over 1,500 plant stream chro- 
matographic analyzers have been 
installed for process monitoring 
and control. Once chromatograph 
makers develop a column for suc- 
cessfully analyzing a_ particular 
stream of a particular unit in a 
particular plant, there is a good pos- 
sibility that the same column will 
be suitable for analyzing similar 
streams from other types of plants 
and units. For example, the com- 
ponents in the overhead stream 
of a deisobutanizer in an alkylation 
plant may be quite similar in com- 
position (but not necessarily in 
range) to the components in the 
bottoms stream of a deethanizer in 
a natural gasoline plant. 

The following tables serve as a 
guide to applying chromatographs. 
Table III, next page, classifies 18 
streams—for which columns have 
been developed—occurring in the 
process units listed in Table II, 
which in turn are common to one 
or more chemical or petroleum 
plants shown in Table I. Such tab- 
ulations are not complete, of course, 
but do indicate the application in- 
formation accumulated by chro- 
matograph makers. 


REFERENCE 
INDUSTRIAL PROCESS CHROMATO- 


GRAPHS, H. R. Karp, “Control En- 
gineering’, pp. 87-100, June 1961. 
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PROCESS PLANTS 


b 





care 





Units 


Alkylation 


isomerization 


Butane 


Natural 
gasoline 





Reactor 


x 





Debutanizer 





Deisobutanizer 





Deethanizer 





Ethane splitter 





Demethanizer 





Depropanizer 























Table |!—Processing units common to several chemical-petroleum plants. 


STREAM ANALYSIS 


(Numbers below correspond to analysis given in detail in Table lil) 





Units 


Feed 


Overhead 


Bottoms 





Debutanizer 


7 


6, 2, 3, 1,5 





Deisobutanizer 


7 


6, 2, 3, 1,5 





Deethanizer 


12, 18, 1,3 


6, 10, 1, 18, 17, 
16, 8, 15, 3, 12 





Ethylene splitter 


12, 18, 1,3 


6, 10, 1, 18, 17, 
16, 8, 15, 3, 12 





Demethanizer 


18, 17 


10, 18, 17, 16, 8, 
14, 13 





Depropacnizer 


6, 5, 9, 17, 18, 
16, 8 


6, 1, 18, 4, 11, 14, 
17,5 





Alkylation reacior 





Isobutane 
6, 5, 9, 1, 11 








Olefins 
2,4, 1,3 














Table !——-Chromatographs monitor similar streams in different processing units. 





1 


Table lII—These streams have been successfully analyzed by chromatographs. 


2 


3 


4 


5 


6 7 


8 9 





Ethane + 
ethylene 


Ethane + 
ethylene 


Ethane + 
ethylene 


Ethane + 
ethylene 


Ethane + 
ethylene 


Ethane + Isobutane 


ethylene 


Air Ethane + 
(when present) ethylene 





Propane 


Propane 


Propane 


Propane 


Propane + 
propylene 


n-Butane + 
isobutylene + 
butene-1 


Propane + 
propylene 


Methane Propane + 


Propylene 





Propylene 


Propylene 


Propylene 


Propylene 


Isobutane 


Isobutane Trans-butene-2 


Ethane Isobutane 





Isobutane 


Isobutane 


Isobutane 


Isobutane 


n-Butane 


n-Butane Cis-butene-2 


Carbon 
dioxide 


Hydrogen 
suifide 





Hydrogen 
sulfide 


Hydrogen 
sulfide 


n-Butane 


n-Butane 


lsopentane 


lsopentane All components 
heavier than 
cis-butene-2 
are backflushed 
but not 
measured. 


Propane + 
propylene 


Components 
heavier than 
isobutane are 
backflushed but 
not measured. 





n-Butane 


n-Butane 


lsobutylene + 
butene-1 


Isobutylene + 
butene-1 


n-Pentane 


n-Pentane 


Ethylene and 
components 
heavier than 
propane are 
backflushed but 
not measured. 





A single peak 
for butylenes 
and components 
heavier than 
n-butane 


Isobutylene + 
butene-1 


Trans-butene-2 


Cis-butene-2 


Hydrogen sulfide 
(will overlap 
propane) 


Hydrogen sulfide 
(will overlap 
propane). 





Trans-butene-1 


Cis-butene-2 


Trans-butene-2 


Water and compo- 


nents heavier 
than isopentane 
(or n-pentane in 
some cases) are 
backflushed but 
not measured. 


Water and 
components 
heavier than 
n-pentane (or 
isopentane in 
some cases) 
must be absent 





Cis-butene-1 


A single peak for 
isopentane and 
heavier components. 


lsopentane 





lsopentane 


n-Pentane 





n-Pentane 


Water and 
components 
heavier than 
n-pentane are 
backflushed but 
not measured 
This analysis 

is accomplished 
at 65° C 





Water and 
components 
heavier than 
n-pentane are 
backflushed but 
not measured. 





10 


11 


12 


13 


14 


15 16 


17 18 





Air 
(when present) 


Ethane + 
ethylene 


Ethane + 
ethylene 


Nitrogen 
(and oxygen) 


Air 
(when present) 


Ethane + 
ethylene 


Methane 


Methane Ethane + 


ethylene 





Methane 


Propane 


Propane + 
propylene 


Ethane 


Methane 


Propane + 
propylene 


Ethane + 
ethylene 


Ethane Propane 





Ethane 


Propylene 


Isobutane 


Ethylene 


Ethane 


Isobutane Propane 


Ethylene Propylene 





Carbon 
dioxide 


Isobutane 


n-Butane 


Acetylene 


Carbon 
dioxide 


Hydrogen 
sulfide 


Propylene 


Propane A single peak 
for isobutane 
and heavier 


components. 





Ethylene 


lsopentane 


A single peak 
for all 
components 
heavier than 
n-butane 

or isopentane. 


Propadiene 


Ethylene 


Components 
heavier than 
propane are 
backflushed but 
not measured. 


Propylene 





Propane (or 
ethane in 

some cases) 
and heavier 
components are 
backflushed but 
not measured. 


Hydrogen sulfide 
will not 
interfere 


with components. 


Components 
heavier than 
isopentane are 
backflushed but 
not measured. 


Propane 


Water, propane, 
and heavier 
components 
must be absent. 


Components 
heavier than 
propane are 
backflushed but 
not measured. 





Components 
heavier than 
ropane are 
kflushed but 
not measured. 
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“A VIGOROUS USERS EXCHANGE ORGANIZATION” 








“unmatched capability in NES price class” 


“WIDEST SELECTION OF INPUT-OUTPUT ACCESSORY UNITS” 








“PROGRAMMING SUPPORT IN DEPTH” 
: | =A) ee) 3 Oi 











WITH THE BENDIX G-15 COMPUTER 
YOUR EXTRA DIVIDEND IS EXPERIENCE 


There’s a reason for the continuing leadership of the Bendix 
G-15 among small and medium-scale computers. The reason is 
experience ...for over five years ...in nearly 400 installations... 
in more than 1000 different applications. 

Behind this experience is superior performance, real economy, 
and proven support...qualities which have made the G-15 pre- 
ferred by thousands of engineers in industry after industry. 

The G-15 achievement record is outstanding. It continues to 
be a leader in its field—the number of new G-15 users is growing 
every month. Investigate the proven capabilities of the G-15 
today. See for yourself why G-15 “experience pays”...and how 
it can work for you. * For information 
on your particular applications write to: 


Bendix Computer Division 


DEPT. W-34, LOS ANGELES 45, CALIFORNIA 


CIRCLE 91 ON READER SERVICE CARD 














Pneumatic Logic Il: 
AIR CIRCUITRY APPLIED 


There’s nothing new about using compressed air for actuation, but relatively few 
engineers realize the capabilities of air powered logic. Last month the author described 
basic pneumatic hardware and showed how a few common valve types can be fitted 
together to perform logical operations. Valves in series handle the AND function; 
valves in parallel (or the shuttle valve by itself) form an OR gate. Flow control 

valves regulate the pressure buildup in a volume and provide almost any time delay 
required. Air piloted valves in lock up arrangements can remember. The following 
all-pneumatic circuits illustrate how these functions can be combined to control 
machinery. Every one has been built and operated successfully and economically. 


E. L. HOLBROOK, Barker Instrument and Machine Co., Inc. 





1. WINCH CLUTCH AND BRAKE CONTROL assures braking in 
neutral and shows one way a cylinder can provide three 
positions. With shift valve A in neutral as shown, lines 3 and 


° _ , 4 are vented to atmosphere, and supply pressure flows only 
Pe Tee seam EEpreerssmecnec yy through B into line 1. This pressure passes through double 
\SE Pure: a SE BF WWE ig check (shuttle) valves D and E into lines 5 and 6, and clutch 
-- 4 * Brake cylinder G assumes position (2). Since line 2 is vented through 

2 | B, the spring in F keeps the brake applied. 
C iS = See Now suppose A is moved to the left, putting pressure in 
oh, : line 4. This pressure pushes the shuttle in C to the right and 
actuates B. B vents line 1 and pressurizes line 2 to release 
the brake. Since 1 is vented, air in 4 can push D fo the left 
and enter the left end of G through line 5. Air in line 4 pushes 

the piston back to position (1). 

Shifting A to the right pressurizes line 3 and vents line 4. 
The pressure in 3 flows through C to actuate B which releases 
the brake as before. Pressure in line 3 enters G directly, as 
well as through E and line 6, and this puts G in position (3). 


4 
TROUT! B28 











2. CLAMPING AND SHEARING SYSTEM includes 
air cushioning. Air routed into line 1 by L 
passes through G and H into lines 2 and 3 
to operate shear release cylinders C and D. 
Lines 4 and 6 are vented so there is no pres- Supply 
sure in cylinder F. With cam-operated valve 
E depressed, line 5 is vented and C and D can 
retract the pistons in shear cylinders A and B. 

Moving M to the left vents line 8 and pres- 
surizes 7 to push down the pistons in | and J | 4 


D 
a 9 
and clamp the work. When L is operated, sup- 5 — Z 
ply air flows through line 9, K, and line 6 to 3 Shear 
retract the piston in F. This moves the cam — G H Shear control 
away from E which then admits pressure to 4 ne 
. 











A 






































ja ey cone 
A and B through line 5 so that the shear M 





1 
starts downward. Near the bottom of the 7 
stroke, the cam attached to B trips K to put 
pressure in line 4 and vent line 6. The piston 


in F then moves back to the left, actuating E 


Clamp 
control 


| 
and shutting off pressure from A and B. At f Sian asad ee 


this point air flowing down through G and H 
and lines 2 and 3 into C and D acts to 
cushion the blade. 





Supply | 





| supply 




































































4. LAMINATING PRESS CONTROL applies first light, 
then heavy pressure. Operating 4-way valve A vents 
line 3 and puts low pressure from reducing valve E 
into line 2 and the top of cylinder G. While the ma- 
terial pressed between G and the table is setting, 
pressure in line 2 seeps through flow control valve 
C and into volume D. When the pressure in D exceeds 
the spring pressure in B, B moves to connect line 1 
to line 5 and apply a higher pressure set by valve F 
to laminate the material.. Valve E must be full 
internal relief type so that low pressure is restored 
immediately when valve A is reset and the system 
can be ready for another operation. 


5. SAW FEED cycle is started by a momentary push 
on valve A. The pulse of pressure in line 1 shifts 
valve B to the right, putting pressure in line 2 and 
venting line 3 through exhaust speed control valve E. 
The piston in D then moves to the right at a rate 
determined by the setting of E. At the end of the 
stroke, D trips valve C to inject air into the right 
end of B and move B to the left (line 1 is vented). 
Line 2 then exhausts, and supply pressure in line 3 
pushes the piston in D to the left, readying the saw 
for another cut. 
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3. SERIAL OPERATION AND SIMULTANEOUS 
RETURN of four cylinders is started by de- 
pressing valve A to vent line 1 and put 
pressure in 2. Valves E, |, and M all reset, 
and B shifts to the right. This vents line 3 
and pressurizes 4, so the piston in C moves 
up until it actuates D. The air in line 4 
then flows through 5, valve E, and 6 to 
shift up F, which vents line 7 and pressur- 
izes line 8. 

Now G moves out, actuating H and send- 
ing pressure through lines 9 and 10 to shift 
J to the left. J operates K, and L sends 
air along to shift N and operate 0. As 
soon as P is actuated, air enters line 17 
and pushes up A, venting line 2 and pres- 
surizing line 1. This pressure returns B, 
E, F, |, J, M, and N simultaneously to the 
positions shown, and B, F, J, and N cause 
the four cylinders to retract together. 








































































































‘Supply 











6. REVERSE CYCLE SYSTEM is designed so that successive actuations of 
control valve A move the piston in cylinder F back and forth. When A is 
pressed, air flows into lines 1, 2, and 3. The air in lines 1 and 3 is trapped 
by nonreturn check valves B and C; the air in line 2 flows through D into 
lines 6 and 8 and shifts E down. This vents line 11, pressurizes line 10, 
and starts the piston in F downward. 

Pressure is also flowing into line 4 where it pushes down valve D, 
turning the supply air into line 7. If A was actuated only momentarily, the 
flow into line 7 is slight, but if the operator holds beyond about 0.1 sec, 
the lower cylinders of D and E are pressurized. Providing there is little 
or no leakage to deplete the pressure trapped in lines 4, 6, and 8, the 
balanced pressures result in no valve movement, and both valves remain 
in the down position when the piston in F completes its stroke. 

When the operator releases valve A, lines 1, 2, and 3 are vented. Lines 
4, 6, and 8 exhaust through check valve B; lines 5, 7, and 9 exhaust 
partly through C and partly through D and line 2. 

Pressing A again causes the reverse cycle with D, E, and F returning to 
the positions shown. 


7. WHEN LEAKAGE IS A PROBLEM with the 
reverse cycle system, a timing device can 
be added to send only a pulse of air into 
lines 1, 2, and 3 no matter how long the 
operator holds A down. Here pressure flows 
through valve H into lines 1, 2, and 3 to 
perform the operation described above, but 
air also flows through flow contro! valve G 
into the top of H. After an interval (set 
by G) valve H trips, shutting off the supply 
and venting lines 1, 2, and 3. 





Supply 














8. ALTERNATIVE REVERSING CIRCUIT is not 
dependent on trapped air. When the operator 
depresses valve A air flows into lines 1, 4, 
and 8 to actuate B and shift E down. B vents 
line 2 and the upper end of C, and E connects 
supply pressure to lines 10 and 12 and the 
upper end of cylinder F. Since line 13 is 
vented through line 11 and valve E, the piston 
in F moves down. 

When A is released, lines 1, 4, and 8 are 
vented. Valve E does not shift because there 
is no pressure in line 9, but valve B releases, 
putting pressure from line 6 into line 2 and 
the upper end of C. C then shifts down, 
venting air from its upper cylinder and that 
of E, and from the upper cylinder of F. 

The next time A is pressed, D is actuated 
and E moves up, putting pressure in lines 
11 and 13 to push up the piston in F. 
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Wrench set 
for loosening 


Wrench set 
for tightening 
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—_ Tighten 


—— Loosen 


Selector 











10. CONVEYOR DEFLECTOR CONTROL puts de- 
flector in any of five positions and keeps it 
there by holding air in cylinder assembly MN. 
As shown, A has been depressed momentarily 
to put supply air in lines 1 and 3, and then 
released. The pulse of pressure shifted L to 
the left and moved up B, C, D, and E. This 
operation set L to route pressure into line 
17, returning MN and the deflector to posi- 
tion (1). Lines 1 and 3 are now vented, but 
L does not move because its left cylinder is 
vented through valves K and B. 

Valves B, C, D, and E put the deflector in 
positions (2), (3), (4), and (5), respectively. 
Pressing B, for example, sends air into line 7 
where it flows through H and K into lines 13 
and 16. Pressure in 16 shifts L to the right, 
venting line 17, and pressure in 13 pushes 
out the right piston in N and moves the de- 
flector to position (2). 

Positions (3), (4), or (5) can be attained 
from positions (1) or (2), but to return to a 
lower numbered position the system must be 
reset to position (1) first by depressing A. 
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9. CYCLING SYSTEM tightens and loosens the 
screws of an autoclave cover with air oper- 
ated wrenches. With selector valve C as 
shown, line 12 is pressurized and 13 is vented. 
D and E are both shifted to the ieft, and K 
sets the wrench rachet for tightening. Re- 
duced pressure from B feeds through line 14, 
E, line 11, F, line 7, 1, and line 5 to the right 
end of wrench operating cylinder J. 

When operating valve A is actuated, it 
sends pressure into line 1 through L and N 
to actuate 0. O connects line 1 with line 3, 
and the pressure in 3 actuates H and |. | vents 
line 5 and the right end of J; H puts pressure 
in line 4 to move J to the right. 

Meanwhile the air in line 3 has been seep 
ing through flow control valve M into the 
pilot cylinder of L. When there is enough 
pressure in line 2, L moves down, venting the 
left end of N. The air in the pilot cylinder of 
O vents slowly through N, and as soon as O 
moves up, line 3 is vented, releasing H and |. 
H vents line 4, and | applies reduced pressure 
to line 5 to return J to the left. At the same 
time pressure from line 1 flows through L 
and N to push O down and repeat the cycle. 

To loosen screws, C is pushed down. This 
vents line 12 and pressurizes line 13 to shift 
D and E to the right and K to the left. Now 
full pressure is applied to the right end of J 
for the loosening stroke, and reduced pressure 
is put in the left end of J for return. 


































































































12. PNEUMATIC DOOR CONTROL includes 
door mounted safety valve E. Operating 
valves A and B are on one side of the 
door, C and D on the other. Depressing 
either A or C sends a pulse of pressure 
through shuttle valves G and H into the 
left cylinder of |. | shifts to the right, 
putting supply pressure in line 7 and 
venting line 8. The pressure in 7 passes 
into the left end of L at a rate con- 
trolled by the setting of J, and L opens 
the door. When B or D is depressed, air 
flows through F and into the right end 
of |, shifting | back to the left. This re- 
verses the connections to lines 7 and 8, 
and the door shuts at a rate determined 
by flow control valve K. If something or 
someone is caught in the closing door, 
a slight pressure on the rubber edge de- 
presses valve £, sending air through H 
to reset | and open the door. 


11. MANUAL START, AUTOMATIC CLAMP- 
ING, CUTTING, UNCLAMPING, AND RESET 
allow operator to handle two machines. 
Pressing foot valve C vents line 2 through 
needle valve B, and pressurizes line 1. 
The piston in clamping cylinder D moves 
down at a rate set by B and operates 
valve E at the bottom of its stroke. B 
sends air to flow control valve F which 
allows pressure to build up in the pilot 
cylinder of K. As soon as K moves down, 
supply air enters line 3 and flows through 
valve | into line 4 to operate cutting 
cylinders G and H. 

The same pressure in line 4 seeps 
through J and soon shifts | to the left. 
This vents line 4, pressurizes line 5, and 
retracts the cutting cylinders. The air 
in line 5 also shifts C back up, venting 
line 1 through A and putting supply pres- 
sure in line 2. K moves up immediately, 
and D unclamps the work at a rate set 
by valve A. 
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A Versatile New Data Entry Device: 


The Director Card System 


Here is a new data entry device for input data that must contain 
much relatively fixed descriptive information. By using this device, such 
data can be coded and stored for machine read-in to reduce input errors. 
The Director Card System uses an 81% x 11 in. card printed in English 
on the front for the operator and coded on the back for machine read- 


ing. 


The equipment provides a high density file from which data is 


quickly retrieved by the operator, plus flexibility for programmed stops 
at any point during read-in of fixed data for manual entry of variables. 


CHARLES E. FAULKNER 
Spiegel, Inc. 


It is the nature of many kinds of transactions 
and operations that item descriptions depend upon 
variable formats, with often-flowery embellishments 
to add details. But data processing systems oper- 
ate more efficiently with fixed formats and simply 
phrased input data. It is often necessary, there- 
fore, to translate and edit item descriptions into 
simpler forms at the point of data entry. Most 
often this is done by human operators who make 
the input data conform to a specially constructed 
list of codes. It can also be done by highly special- 
ized, custom designed data entry devices that auto- 
matically produce the simplified coding. But both 
of these solutions are seriously limited by the nuni- 
ber of conditions covered in a coding list practical 
for human use, as well as by high error rates or 
high development costs. 

Descriptive data entry problems are common to 
many businesses, but they are especially severe 
where large numbers of transactions must be 
entered in short periods. Typical instances are in- 
ventory control procedures for large or small scale 
distributing businesses, such as parts depots, whole- 
sale and chain groceries, and hardware and apparel 
retailing. Airline and hotel space interrogation 
and ticketing or billing also involve such problems, 
as do banking, brokerage, accounts receivable, and 
sales solicitation addressing. 

Spiegel, Inc. operates the largest single-location 
mail order house in the world at Chicago. Records 
of inventory on 120,000 catalog items are main- 
tained at rates of up to 50,000 transactions per hour 
by an IBM 7070 computer, on merchandise items 
that often require statement of size and color with 
the plain-English descriptions on the sales slips. 
Spiegel, therefore, has a descriptive data entry 
problem of the first magnitude. 

Neither of the usual solutions mentioned above 
would solve Spiegel’s problem because of the great 
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flexibility of description required by the mail order 
merchandising business. Spiegel’s has had to make 
do temporarily with the direct manual entry of 
customer orders through mark-sense cards and 
keypunches, but too many errors are introduced by 
such systems, and the equipment is expensive. 
Because this high error rate was expected, Spiegel’s 
electronic systems group has been planning a versa- 
tile descriptive data entry device for some years, 
and this month the first production models, design 
engineered and built by Ferranti-Packard, Ltd. of 
Toronto, Canada, will go into operation at Chicago. 
The prototypes of the Director Card System, as 
the new entry device is called by Spiegel, have per- 
formed better than all expectations during months 
of tests in actual on-line production use. 

Besides flexibility of description, Spiegel placed 
other requirements on the data entry device. To 
minimize the introduction of errors by the oper- 
ators, all fixed data relating to catalog items had to 
be machine readable without human intervention 
and interpretation. Only variable data, such as 
multiple quantities and extended prices, should be 
entered manually. For economy, such data should 
be compiled as a byproduct of another operation 
that would have to be done in any case. The entire 
order filling, inventory control, and billing proce- 
dure was studied carefully to determine what other 
functions the entry device might perform as imme- 
diate byproducts. 

In most mail order operations, it is usual to write 
sales slips for items that the customer orders. The 
sales slip serves as a means of order filling, identi- 
fying all items that the customer has ordered, bill- 
ing the order, and finally as the packing slip in the 
shipment of the order. Since the sales slip must 
contain the description of the specific items to be 
shipped, see Figure 1, the writing of the sales slip 
is the logical point for byproduct creation. 

Accordingly, a printer that would automatically 
type the fixed information for the sales slip, with an 
option for manual entry of variable data and selec- 
tive data recording, plus some other functions, was 





DIRECTOR CARD SYSTEM AS USED AT SPIEGEL 








Mail order sales slips list 
much fixed descriptive data 
from catalog. Operator se- 
lects director card from card 
file by item ordered, places it 
face up on card reader, 
aligns desired line number 
on back by use of prism. 
Photoelectric scanner reads 
code and automatically types 
fixed data on sales slip. Vari- 
able data is added via key- 


board on printer. 
Ba36 
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code on two sides of same card. 
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5.44 |BALL B FIG. 1. Typical typed sales slip. 
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FIG. 3. Typical equipment arrangement. 
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the obvious answer. Some such devices are avail- 
able, but they are actuated by strips of punched 
tape or punched cards which must be pulled from 
adjacent files. With over 100,000 items, the file of 
paper tape strips or punched cards would not be 
operationally practical because the size of the file 
would make indexing and searching too difficult. 
A file of a much higher density was needed. 


The director card concept 


The concept of the director card developed as the 
keystone of the new data entry system, providing 
economical, high density data storage and conven- 
ience for the operator. The director card, a portion 
of which is shown in Figure 2, has fixed data 
printed on the front for the operator and the same 
data coded on the back to be read by the machine 
without turning the card over. It is an 84 x 11 in. 
card, printed by an offset process and die-cut at 
the top to provide an index tab for ready reference. 
The face of the card carries descriptive information 
in English of up to fifty-five items. Each item 
occupies one line on the card, arranged in the 
sequence of merchandse department number, cata- 
log number, color (alphabetically), and size. About 
3,500 cards will accommodate the 120,000 stock 
items at Spiegel. 

The descriptive information is printed so that 
the operator, after locating the correct card by its 
index tab, can easily find the line upon which the 
specific item is represented. Each line is identified 
by a line number that corresponds with a line on 
the reverse side. The machine-readable coding, 
printed line for line on the other side of the card, 
includes all data required for typing the sales slip, 
plus codes for controlling the operation of the 
printer, a paper tape punch, and an adding machine. 

Ninety-six coded characters can be printed on 
each line. The code is 6-bit Baudot, printed 12 
characters per in. In general, the code is the 
normal Baudot as applied to alphanumeric charac- 
ters, see table. Certain standard special characters 
are used as well, and others of the available 32 code 
‘ configurations are assigned to program specific 
functions. Note in Figure 2 that the coded bits 
are represented by black and white lines, the lines 
being a full 4 in. high and about 0.01 in. wide. 
Faithful printing of the coded side is easy. The 
problem of accurate relative positioning of the 
printing on the front and back is avoided because 
the operator aligns the director card on the reader 
according to the line number on the faced-down 
coded side by using an aligning prism in the face 
plate of the machine. 


The complete data entry system 


Besides the card reader, the Spiegel data entry 
system, Figure 3, includes a printer, a paper tape 
punch, an item counter, and a solenoid actuated 
adding machine. 

The face plate of the Director Card Reader is 
set in the desk at a 10 deg angle for maximum 
operator efficiency. It consists of a face plate, a 
card alignment guide rail, the prism and reading 
aperture, several control buttons, a photocell reader 
assembly, and a solid state decoding and control 
pack. The alignment guide bar is mounted at the 
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left side of the face plate because time studies 
indicated that this would give best efficiency. The 
prism assembly is positioned at the mid-point on 
the right side of the face plate to reflect the line 
numbers on the reverse side of the card as the 
card is shifted up or down along the guide bar. 

A slit extends across the face plate from the 
prism. Light is projected to the coded back of the 
card through this slit, and a photocell assembly 
moves underneath on a carrier to detect the blacks 
and whites of the printed code characters. The 
detected codes are transmitted to the decoding and 
control pack that controls the printer and the other 
components. 

The operator positions the card at the desired 
line, and if the customer has ordered a quantity of 
one, presses the “START” bar to cause a com- 
pletely automatic typing of the sales slip. The 
printer will type 50 to 72 characters in a maximum 
of 9.6 sec. When the customer orders more than 
one of an item, the operator uses an optional start 
button and the typewriter stops when it reaches 
the “Quantity” column on the sales slip. The oper- 
ator can then manually enter the quantity required 
and the extended price through the keyboard. 

Another optional start button is also provided 
for other needs that may occur. A stop for manual 
fill-in can always be coded on the card for any 
particular item. The typing is restarted after 
manual entries by depressing the start bar on the 
reader or the “Restart” key on the typewriter 
keyboard, whichever is more convenient to the 
operator. This equipment will be used on a produc- 
tion basis by operators being paid on an incentive 
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system, so it is desirable to provide the operator 
with controls in multiple positions. 

A “Ready” light, a “Line Feed” option button, 
and an “Error” key round out the controls on the 
card reader. Automatic error detection is pro- 
vided by counting the bits read and comparing 
the count with a check digit at the end of the 
coding. If the count does not check, the system 
locks until the error key is pressed. The error key 
causes three “X’s” to be typed on the sales slip 
and an error code to be punched in the paper tape. 
It then returns the reader and the printer carriages 
to start position, and ejects the erroneous form. 

It is often necessary to type multiple lines on 
one sales slip, Figure 1. The equipment is norm- 
ally programmed to feed a new form at the end of 
each line, but a line feed option inhibits the form 
feed by simply starting the operation by depres- 
sion of the “Line Feed” button. An electric item 
counter mounted at the top of the reader counts the 
number of sales slips typed for each order, and is 
reset by the operator when the order is completed. 

The Director Card Reader is completely designed 
and fabricated by Ferranti-Packard, while the 
tables, printer, item counter, and adding machine 
units are of other manufacture. This permits use 
of standard equipment, modified only as necessary, 
for economy of design and lower equipment cost. 


The printer and other units 


The printer is a Creed, manufactured in England 
by a subsidiary of IT&T. It is standard equipment, 
equipped with a form feed device not previously 
offered, and types 10 characters per sec. The key- 
board has the full range of numeric and alphabetic 
characters and includes fractions not normally pro- 
vided, but required in merchandising. The printer 
types 10 characters per in. and 6 lines per in. 

The printer does not have the “stunt box” found 
in American machines, but when combined with the 
electronic logic of the reader, it has all the neces- 
sary programming abilities at a lower cost. 

Of particular interest is the tape punch mounted 
on the side of the printer and linked mechanically 
instead of electrically. The paper tape punch is 
used by Spiegel to record unit (item) and dollar 
sales information. As mentioned previously, the 
device is programmable by the code printed on the 
director card, so any desired data may be recorded 
on the paper tape. In Spiegel’s case, 22 digits of 
information are required, as follows: 

Department number 

Catalog number 

Code for catalog from which order was 

placed 

Quantity 

Price 

Color code 

Size code 

Price option code 

Record end code 
As the data is read by the reader, certain codes 
turn the punch on or off. Some of the data 
(marked * above) is punched simultaneously as 
it is typed. The last six are punched, but are not 
typed. The “Run-out” key on the keyboard punches 


“leader” and “trailer” sections of the output tape 
with pin feed holes only. 

The paper tapes containing this data will be 
collected periodically during each day, spliced, and 
converted to magnetic tape by a Digitronics paper 
tape to magnetic tape converter. The magnetic 
tape will then be fed into an IBM 7070 for proces- 
sing in the merchandise inventory control system. 

Spiegel intends to use this equipment with the 
same director cards in other applications that will 
require different typing and paper tape punching 
configurations. This will be done by changing the 
logic in the Director Card Reader to respond dif- 
ferently to particular codes. For example, every 
code will be punched when the equipment is used 
at an outlying location in order to reproduce the 
order at the home plant via Teletype. A _ logic 
change that inhibits response to the “punch-off” 
code will meet this requirement. 

At some point in the order flow, it is necessary 
to add the prices of the items being shipped in 
order to determine the total merchandise charge to 
the customers. Sales taxes and transportation 
charges are added to this total. In major mail 
order houses, this is usually done in a billing 
operation after packing of the order, just before 
shipment. If, however, the merchandise total can 
be obtained automatically as a byproduct of another 
operation, the billing operation will be simplified, 
the operation cycle reduced, and the order shipped 
sooner. Since the price is typed on each sales slip, 
byproduct addition is possible. 

This addition is made by a solenoid actuated 
Addo-X adding machine under program control of 
the same impulses that cause the price to be printed 
on the sales slip, whether automatically or manually 
entered. These impulses are branched and operate 
in parallel, and so cause no delay. At the end of 
each order, the operator merely strikes the total 
key, detaches the adding machine tape and staples 
it to the order, eliminating addition at a later stage. 


The system is very flexible 


The Director Card Data Entry System offers 
many options to the operator. It is extremely 
flexible as used by Spiegel, and it can be flexible in 
configuration as well—other devices such as key 
punches, accounting machines, or check writers 
could be incorporated as required. 

Besides all the business applications implied at 
the beginning of this article, the system could be 
adapted in incidental application as a paragraph 
writer, to write letters composed of combinations of 
established paragraphs with far greater input 
selection than is obtainable from currently avail- 
able equipment. For this purpose, an automatic 
line-by-line card advance mechanism can be added 
to the reader unit, actuated by control codes that 
are included in each line of data coding. 

Computer program instructions could also be 
stored on director cards to make the writing of 
instructions into paper tape or punched cards a 
rapid, routine, one-step operation without the 
opportunity for error that now exists. If we use 
imagination in the application of system configura- 
tion options, there are many more possibilities. 
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The State of Development of 
Telemetering Components 


Telemetering component evaluation programs are run by Astronautics 
on common component types made by a number of suppliers. These 
evaluation programs yield comparative data useful to system designers 
in selecting components, and the author suggests that for this purpose 
there is no substitute for your own tests. But comparison of Astron- 
autics’ data with similar data taken five years ago also shows disap- 


pointingly slow progress. 


Future progress can be faster because sys- 


tem requirements for telemetering components can be judged accurately 
from environmental data now recorded. Much needs to be done. 


C. R. CEARLEY 
General Dynamics/ Astronautics 


The designer of telemetry systems enjoys a 
somewhat unique advantage in the wide range of 
components obtainable “off the shelf” from elec- 
tronic and electromechanical equipment manufac- 
turers. Computers and other electronic systems are 
sometimes built from standardized and available 
components such as flip-flops, gates, and shift reg- 
isters. But building-block construction is even 
more common in telemetering system design than 
in computers as a result of more complete standard- 
ization in equipment. 

Ten years ago there were only four recognized 
companies in telemetering component manufactur- 
ing; there are now more than 30. In addition, there 
are about 40 transducer manufacturers. The growth 
in the number of telemetering component vendors 
has come about because small companies can enter 
the field profitably. However, there are a few cases 
of large companies entering the telemetering busi- 
ness (Texas Instruments) or acquiring a smaller 
firm (Pacific Mercury, American Bosch Arma). 

Instrumentation designs change frequently to 
meet changed measurement requirements. The small 
companies are better able to meet the demand for 
short lead time delivery of components to accom- 
modate these changes. 


Requirements for telemetering systems 


The requirements that air/missileborne teleme- 
tering components must meet are generally the 
same as for other air/missileborne electronic equip- 
ment and include limits on reliability, environment, 
size, weight, power, cost, etc. 

Most telemetering systems have parallel paths 
for information flow and can suffer many failures 
without complete loss of all data. Figure 1 is a 
block diagram for a typical airborne PCM/FM sys- 
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tem. The “series” elements, such as the antenna 
and the coder, must generally be more reliable than 
the individual transducers and signal conditioners. 

All missile systems must be able to operate in a 
vibration, temperature, and atmospheric environ- 
ment which may be quite different from that nor- 
mally found on Earth, and one major use of teleme- 
tering systems has been to determine the nature 
of missile environments. Unfortunately the teleme- 
tering and other systems for the first test of any 
new missile have had to be designed and built with- 
out the benefit of flight test data. The only thing 
to do was to estimate the environment from past 
experience and ground test data, and then add some 
margin for conservatism. Every telemetering sym- 
posium has included examples of ingenious solu- 
tions to problems of shock, vibration, and high and 
low temperatures. 

Telemetering component manufacturers do not 
agree on the environmental limits for their prod- 
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FIG. 1. Major components at transmitting end of a 
typical PCM/FM radio telemetering system. 
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TEST DATA ON 30 VOLTAGE CONTROLLED OSCILLATORS-SIZE AND POWER 

















01234567 B 9 IOI 1213 14 15 1617 1819 





5 


5 
- | se | 


Volume, Cu. in. 


5 3:t-3 
Weight, oz. 


9 10 II 


Power consumption 
milliwatts 


FIG. 2. Data taken on 80 voltage controlled subcarrier oscillators include 18 different types made by 11 different 
manufacturers. Vertical dimension is the number of oscillators which measured between the limits indicated. 


NONLINEARITY AND DISTORTION IN 30 VCO’s 
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FIG. 3. Output distortion and nonlinearity measurements showed wider spread than more obvious size and power. 


TEMPERATURE SENSITIVITY 
IN 30 VCO's (—30 to +170 deg F) 


8 9 
‘ I. * Foilure ~ | 
eine 

bicceal t aay ence | 











} 
LU 
14 t 
++ 
5 10 15 2025 30 3540 
Output voltage change, 
percent of bandwidth 





; Failure 
4 4 
caine l 
pawn | it 
soe. T 97 


y a ' ? ' T 
| 024 6 10 12 14 16 18 20 
Deviation senitivity, 
percent of bandwidth 


Failure 
2 


aim ey A ae { 2 tf 
a ie 
{234567 8 9 1011 12 1314 
Frequency drift, 
percent of bandwidth 





id 
? 








FIG. 4. Measurements of changes in three critical 
parameters over wide temperature range caused 30 
percent of oscillators tested to fail entirely. Wide vari- 
ations in most of others would make them unusable. 


ucts. The average operating temperature specified 
for components is 0 to 85 deg C. The maximum 
extremes are minus 50 to plus 100 deg C. The 
common vibration limit is 10g’s swept sinusoidal. 
Altitude limit claims vary with the testing capabil- 
ity of the manufacturer, but most components built 
today will operate satisfactorily in pressures from 
several atmospheres to a very high vacuum. 

Some problem devices are blowers, rf amplifiers, 
and antennas. The density of the atmosphere in 
which blowers operate must be controlled. High 
voltage devices such as rf amplifiers and antennas 
must be pressurized or otherwise protected against 
corona induced by passing through ionized layers 
of the atmosphere. Astronautics’ experience has 
shown that antennas must be operated at less than 
corona extinction (not ignition) power so corona 
will extinguish after passing the ionized layers. 

Size, weight, and power requirements of tele- 
metering systems vary considerably with applica- 
tion. Power requirements of telemetering compo- 
nents are important for two reasons: weight (in the 
power supply), and temperature control. 

Electronic packages installed on space vehicles 
are often cooled by radiation only, although other 
schemes such as evaporating liquids are feasible. 
Fins are not too effective in reducing package size: 
maximum volume reduction is about 25 percent. 


Component selection requires data 


Consider the case of an engineer who plans to 
select an “off the shelf’ component for use in a 
telemetering system. A fairly typical example is 
the voltage controlled subcarrier oscillator (VCO). 
A majority of the telemetering component sup- 
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pliers market such oscillators and publish specifica- 
tions outlining their characteristics. The system 
designer may review these specifications to deter- 
mine which company’s product best meets his re- 
quirements. But there are two problems with this 
procedure: the company may fail to list certain 
pertinent characteristics such as dynamic linearity 
and data feedthrough; and, worse, the equipment 
provided by these vendors may not meet the specifi- 
cations they do list. In selecting components there 
is no substitute for test data. 

Astronautics has a continuing program of telem- 
etering component evaluation. The program is rela- 
tively inexpensive because the component suppliers 
are usually eager to loan components for test and 
because the actual testing takes very little time 
when standard test procedures are used. 

Astronautics has standard tests for each common 
type of telemetering component, i.e., subcarrier 
oscillators, rf transmitters, and commutators. Some 
results of an evaluation program covering 30 volt- 
age controlled subcarrier oscillators are given in 
Figures 2, 3, and 4. These 30 oscillators included 18 
different types from 11 different manufacturers. 


Besides the VCO characteristics shown, Astro- 
nautics has data on output voltage, input impedance, 
frequency shift due to change in source impedance, 
output impedance, percentage AM on output, data 
feedthrough, frequency response, frequency drift 
over a smaller (0 to 130 deg F) temperature range, 
deviation sensitivity change with temperature (0 
to 130 deg F), and effect of vibration on center fre- 
quency, deviation sensitivity, and output voltage. 
Recently, a dynamic linearity test was added. 

A system designer with access to such test data 
should find it easy to select a suitable VCO. If the 
designer knows that other companies are using 
certain equipment, he can solicit their opinions on 
the performance of this equipment as well. 


Status of subcarrier oscillators . . . 


What is the “state of the art” for telemetering 
components? What improvements are needed in 
the immediate future? The telemetering compo- 
nent evaluation program gives a partial answer. 

A comparison of Figures 2, 3, and 4 with similar 
data taken five years ago shows that much progress 
has been made in VCO design. The average VCO 
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FIG. 5. Similar test data taken on 18 telemetering transmitters. All but five faiied to meet IRIG frequency drift 
limitation, none met MIL specification on antenna conducted interference. Size and power measurements are 
very similar to measurements made on transmitters built 5 years ago, showing that improvement hus been slow. 
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of five years ago weighed 8 to 10 oz, had a volume 
of 10 to 12 cu in., was linear only to within 1.5 to 
3 percent of best straight line, and consumed 4 to 
5 watts of power. The manufacturers of VCO’s 
still have a long way to go, particularly in the area 
of temperature compensation. The big improve- 
ments in size, weight, and power consumption were 
made possible by use of transistors, and as a result 
the “improved” VCO of today is, in many cases, less 
stable with temperature change than the older 
vacuum tube versions. The big improvement in 
linearity has come about because of competition for 
the big VCO market. This parameter is the one 
most easily understood by system designers, who 
up till now have thought very little about other 
parameters such as dynamic linearity, data feed- 
through, amplitude modulation, and stability of 
output voltage. 


... and transmitters 


Figure 5 is a compilation of some data gathered 
in tests of phase and frequency modulated telem- 
etering transmitters operating in the range of 220 
to 260 Mc. Eighteen transmitters of 12 types from 
nine different manufacturers were tested. While a 
great effort has gone into transmitter development 
in the last five years the results are disappointing. 
Consider that the Bendix-Pacific TXV-13 in com- 
mon use five years ago had a volume of 20 cu in., a 
weight of 1.1 lbs, and consumed less than 20 watts. 
This compares favorably with data on more “mod- 
ern” equipment shown in Figures 5A, B, and C. 

The big transmitter development effort of the 
last five years has been in transistorization and 
changing from phase to frequency modulation. 

One surprising fact that emerges from our trans- 
mitter tests is that the hybrid (transistor and vac- 
uum tube) telemetering transmitters do not show 
marked performance advantages over those that 
use vacuum tubes exclusively. In general the hybrid 
transmitters are as large and weigh as much as 
the vacuum tube transmitters. Surprisingly, they 
do not perform better in a vibration environment. 
The transmitter type that has performed best in 
vibration tests is an all-vacuum-tube unit. 

The move from phase to frequency modulation in 
telemetering transmitters results from three prob- 
lems of PM. First, there is difficulty in obtaining 
adequate deviation at low modulation frequencies. 
Second, a PM transmitter is more sensitive to the 
harmonics in a subcarrier oscillator output than 
to the fundamental. Third, FM is more easily un- 
derstood by most engineers. Several of the new FM 
transmitters have a local oscillator controlled by a 
crystal discriminator through a feedback loop. 
These transmitters have been less stable in our 
temperature tests than the older crystal controlled 
PM transmitters. Only five of the 18 transmitters 
tests for temperature (see Figure 5D) met the 
IRIG 0.01 percent stability requirement over a 
range of minus 30 to plus 170 deg F. 

Figures 5E and 5F also show disappointing per- 
formance. Not one transmitter met the MIL-I-6181 
limit for antenna conducted interference and their 
performance is worse when judged by MIL-I-26600. 

There have been slow improvements in commu- 


tators. Mechanical units are presently available in 
the low speed ranges (10 rps and below) which 
offer low noise, low contact resistance, and moder- 
ately long life. These units are still quite heavy and 
fairly large. Mechanical commutators are still the 
best for low level signals and flexibility of applica 
tion. The multipole versions have size and weight 
advantages over available electronic commutators. 
Presently available electronic commutators are 
best in high speed, high level applications. In the 
low speed applications electronic commutators are 
larger and much more expensive than their me- 
chanical counterparts. Electronic commutators 
often have low input impedance and some feed ack 
current to the transducer. 


Improvements needed 


What should be the course of future telemetering 
component development? For the immediate future 
there is plenty of work to be done in bringing the 
performance of components up to where it should 
be right now. In subcarrier oscillators, efforts 
should be made to improve temperature stability 
and some of the little known parameters such as 
data feedthrough. In transmitters, immediate im- 
provement is needed in stability, microphonics, 
linearity, radio noise, size, weight, and power con- 
sumption. Commutators should have longer life and 
lower prices. 

Now for the long term improvements. Planning 
on a national scale is needed, such as is being done 
on space boosters. The development of telemetering 
equipment has always been sacrificed to expediency. 
While government agencies and military services 
will underwrite the development of improved pro- 
pulsion and guidance systems, they are unwilling 
to do the same for instrumentation systems. The 
cheapest telemetering system that will do the job 
is the one used. Requests for airframe, dynamics, 
and propulsion measurements are often turned 
down because, “the telemetering system can’t han- 
dle it”. Telemetering equipment development has 
benefited from advances in electronic packaging 
and better semiconductor components, but the big 
impetus for improvement has been provided by 
competition between the equipment manufacturers. 

The design of future telemetering systems will 
be dictated by the measurement requirements that 
they must satisfy. A tremendous quantity of infor- 
mation is available in this country that could be 
used to design the telemetering systems of the 
future. Every airframe manufacturer has meas- 
urement lists for past vehicles sorted in terms of 
accuracy, frequency response, etc. Adding data 
from typical space probe measurements would give 
a good set of telemetering system requirements. 

But this is only a small part of what must be con- 
sidered. The total problem includes integration of 
tracking and command functions, as well as deci- 
sions on the development and administration of 
world-wide telemetering/tracking/command net- 
works such as the Mercury, Minitrack, and NASA 
Deep Space networks. Without such planning, the 
development of telemetering components will be 
guided only by the press of business competition. 
Which isn’t a bad second choice at all. 
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Automatic Scale 


Weighs Test Chamber Subjects 


JOSEPH. A. FERRO 
BERNARD A. JOHNSON 


American Machine & Foundry Co. 


Medical researchers studying the 
performance of a human subject in 
an environmental test chamber need 
to know how the subject’s weight var- 
ies during tests that may last several 
days. ‘This automatic precision scale 
was designed for the Aerospace Medi- 
cal Laboratory's newest environmental 
chamber at Wright Field. The re- 
quirements are unique in that the 
weighing platform must be inside the 
chamber, subjected to temperatures 
from ambient to 250 deg F and sim- 
ulated altitudes up to 100,000 ft, 
while the rest of the scale is outside. 
After initial manual balancing, weight 
changes are balanced automatic: ily, 
displayed on a digital voltmeter, and 
printed out as a function 1 of time. The 
scale has a capacity of 200 kilograms 
and an absolute accuracy of 5 grams. 

The scale, Figure 1, comprises a 
10:1 arm ratio beam balance, load and 
weight pans, a hydraulic seal and sup- 
ply, the automatic balancing system, 
and recording and display equipment 
in a separate console. The load pan, 
suspension rod, short arm, and main 
pivot are subjected to chamber en- 
vironment. A major design problem 
was provision of a chamber seal that 
would isolate the inner and outer en- 
vironments without affecting scale 
accuracy. This isolation is provided 
by a hydraulic seal at the main pivot 
where friction has the least effect. 
Heat flow to the pivot from the 
chamber is minimized by a low con- 
ductivity suspension rod and water 
cooled baffles in the standpipe. 

The beam rests on knife edges 
machined on the ends of a solid shaft. 
Clearance between the shaft and its 
housing is 0.002 in., and the shaft 
ends extend into openings in the ends 
of the housing. When the chamber 
pressure is less than atmospheric, oil 
flows through the clearance and serves 
as a barrier to prevent ambient air and 
moisture from entering the chamber. 

The automatic balancing svstem, 
Figure 2, keeps the scale balanced by 
varying the length of 16 loops of 
precision chain suspended from the 
weight pan end of the beam. The 
chains are driven by sprockets, at- 
tached to a single drive shaft. 

Weight unbalance is detected by a 


pair of photocells that views a light 
source on the other side of the scale 
pointer. When the scale is in bal- 
ance, the pointer straddles the two 
photocells so that they are illuminated 
equally and have equal outputs. 
When the scale is not in balance, the 
pointer lets more light fall on one 
cell than the other, so for small un- 
balances the output difference is pro- 
portional to the magnitude of the 
unbalance and of the same polarity. 
For large unbalances, it is constant. 
The photocell outputs drive a tran- 
sistor amplifier through a null zone 
network that inhibits control action 
until the unbalance exceeds 2 grams. 
The amplifier controls a polarity sensi- 
tive relay that operates a bidirectional 
drive motor coupled to the chain 
drive shaft through one of two 
clutches. The low speed clutch en- 
gages automatically when the power 
is turned on. The high speed clutch 


Main pivot 


Suspension rod 
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engages whenever the beam contacts 
a mechanical stop that restricts beam 
motion to 4 in. (about +12 grams 
unbalance). Thus, when a large un- 
balance occurs, usually due to motion 
at the load pan, the balance chain 
is driven at high speed until the beam 
moves from the stop. Then the low 
speed clutch takes over, reversing the 
chain drive and stopping the beam at 
the balance point. 

A precision potentiometer is di- 
rectly coupled to the chain sprocket, 
and its shaft position, indicated by a 
digital voltmeter, gives a direct meas- 
ure of the weight introduced by the 
automatic system. The voltmeter 
and the pot are excited by a common 
voltage source to eliminate the need 
for absolute voltage calibration. An 
adding machine type printer records 
the weights along with the times (in 
hours, minutes, and seconds) at which 
measurements are taken. 
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FIG. 1. Hydraulic seal at main pivot isolates chamber environment 
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INERTIAL 
COMPONENTS 


NORDEN MINIATURE 
SINGLE AXIS ACCELEROMETER 


platform ...and flight-tested for ACHIEVES HIGH ACCURACY IN A COMPACT PACKAGE 


Originally conceived for Norden’s 
miniature, all-attitude 2U-pound 


15 months. Now in production 
and available on short delivery. 


Norden’s force-balance linear accelerometer, with dis- 
criminating single axis detection system, provides high 
order precision in a miniature package . . . fulfills exacting 
requirements for accuracy in such applications as: inertial 
systems, missile instrumentation, and antenna level sensing 
equipment. Proved in the rugged 15-month flight test 
of Norden’s 20-pound inertial platform, this advanced 
accelerometer design offers: 


e THRESHOLD —single axis detects changes as small 
as 1 second of arc. 


e RELIABILITY —translatory motion of proof mass 
reduces cross-coupling and susceptibility to rec- 
tification. 


e VERSATILITY—range and performance charac- 
teristics can be varied by chang- 
ing amplifier components. 


e FLEXIBILITY—sensor and 
* amplifier can be installed 


in separate locations. 
* 


TYPICAL SPECIFICATIONS 


SNUG. « Ed cincke Cle ce haed |. oo a ee nay 
Size...... vr ye Se Ree? 6 kN 
Threshold sensitivity 

Operating range 

NG sy. caret sths «pee wwulg aera 


Linearity 


1074 to 0.2 g............ 1074 g (max. deviation) 
0.2 to1.0g ; 0.015% of actual value 
1.0 to 10.0g..............0.03% of actual value 


For illustrated literature, containing complete specifi- 
cations and performance data, on this and other models, 
call TEmple 8-4471, TWX NWLK 21, or write to... 


* 
*NORDEN « division of UNITED AIRCRAFT CORPORATION 


NORWALK, CONNECTICUT 
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The contro! system 1s noniimear in 
that on-off control is used, and a 
computer analysis was conducted to 
determine the best characteristics. 
For small unbalances, the scale alone 
acts as a lightly damped second order 
system with a period of 6 to 12 sec 
depending on the load. If no com- 


pensation were added to the auto- 
matic balancing system, it would take 
about 5 min for oscillations to damp 
out. The scale would probably never 
reach a balanced condition because 
of subject movement. A simple lead- 
lag network is of little help, but a 
second order compensation network 


sensing acceleration proved effective 
in damping the oscillations. With the 
optimum network characteristics 
found from the computer study, the 
scale reaches balance within 5 sec after 
a 12-gram unbalance. The time re- 
quired to reach balance after a 500- 
gram weight change is § sec. 


Grading ‘Transformer Sheets Continuously 


F,. H. BAER, McGraw-Hill News 


A batch of alloyed steel sheets for 
transformers and dynamos can vary as 
much as 10 percent in thickness and 
30 percent in core loss. Novel grad- 
ing equipment worked out by J. Kan- 
abe of the Electrical Machinery and 
Cable Works of Budapest measures 
both thickness and core loss right on 
the production line. It does away 
with random Epstein testing, handles 
2-5 metric tons of material per hour, 
and allows checking the whole pro- 
duction. Sheets can be 750-1,000 mm 
wide, 0.35-0.5 mm _ thick, and any 
length. Core loss is indicated directly 
in watts/kilogram with an accuracy 
better than +5 percent, half the per- 
missible standard. The electromag- 
netic thickness gage indicates in five 
ranges. It also keeps the induction 
constant as sheet thickness varies, and 
automatically compensates the core 
loss readings for weight variations. 

Core loss (caused by hysteresis and 
eddy currents) is proportional to the 
area inside the material’s hysteresis 


FIG. 1. Sheets pass through 
thickness gage and core loss coils. 


Core loss 
measuring coils 


Electromagnetic 
thickness gage 

















loop. If the magnetizing current is 
sinusoidal, the loss can be found by 
measuring the magnetizing power. The 
grader has exciting and measuring 
coils, Figure 1, that surround the 
test sheet, and low magnetic resist- 
ance yokes that form a shell type core 
with the sheet as the excited limb. 
Small air gaps between the yokes al- 
low the sheet to move. The exciting 
coil is driven by an electronic power 
amplifier with negative feedback and 
low output impedance to insure sinu- 
soidal excitation of constant ampli- 
tude. A Wien bridge RC oscillator 
drives the amplifier, and both are run 
from a stabilized supply to make the 
excitation amplitude and frequency in- 
dependent of +15 percent line voltage 
fluctuations and frequency changes. 
Power is measured with a compensated 
electrodynamic wattmeter connected 
across the measuring coil. 

Sheet thickness and width variations 
have a twofold effect on ccre loss 
measurement: Any variation in the 
cross-sectional area of the sheet alters 
the preset induction value and also 


changes the indicated loss as a func- 
tion of weight. The designers felt that 
the width variation allowable by speci- 
fications was too small to influence 
the gaging accuracy. But the stand- 
ards allow +10 percent variation in 
thickness, and experiments showed 
that the measured core loss varied 
with more than the second power of 
the thickness deviation. 

The electromagnetic thickness gage 
provides an output signal proportional 
to the difference between the actual 
and standard thicknesses. ‘The gage 
consists of two sets of four air gapped 
coils each. The cells in each set are par- 
alleled and connected in series with 
a resistance across a stabilized ac sup- 
ply. A standard thickness sheet is 
fitted into the air gaps of one coil set, 
and the test sheet passes through the 
other set of gaps. The voltages ap- 
pearing across the coil terminals are 
combined to obtain a voltage propor- 
tional to thickness deviation. 

Besides giving an indication of 
thickness, this deviation signa! adjusts 
the impedance inserted between the 


FIG. 2. Yokes are 
in closed compart- 
ment, thickness coils 
directly in front. 
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FIG. 3. Console houses meters, 


controls, and all electronics. 














the world’s most accurate and reliable 
potentiometer 


The mating of advanced aneroid sensors with ultra-reliable film poten- 
tiometer elements, without intermediate linkages, results in: 


INFINITE RESOLUTION 
LINEARITY TO 0.3% 
OUTPUT TO 40V WITHOUT AMPLIFICATION 


TOTAL ERRORS DUE TO HYSTERESIS, REPEAT- 
ABILITY, TEMPERATURE AND VIBRATION: 0.2% 


Send for Catalog 


I +) he, gtr’ 
COMPUTER INSTRUMENTS CORPORATION er ¢ 


92 MADISON AVENUE e HEMPSTEAD, L.|I..NEW YORK 
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core loss oscillator and power ampli- 
fier. This variable impedance can be 
a moving coil mounted on a common 
shaft with a meter connected across 
the deviation voltage. The correction 
for weight is executed directly by ap- 
plying the deviation voltage to a zero 
center instrument mounted on a com- 


mon filament with the wattmeter. 

The grading equipment consists of 
two separate units—a rugged test stand, 
and an instrument and control con- 
sole—connected by a_ 10-conductor 
cable. The core loss measuring yoke 


is centered on the test stand, and the 
thickness measuring coils are directly 


in front of the yoke, Figure 2. Rub- 
ber covered rollers driven through re- 
duction gears by squirrel cage induc- 
tion motors move the sheet material 
through the coils and yoke at 0.24, 
0.31, or 0.5 meters per sec. Five col- 
ored lights on the console, Figure 3, 
correspond to five thickness ranges. 


Cycle Timer for Pilot Plant Control 


M. O. GERNAND 
Esso Research Laboratories 
Humble Oil and Refining Co. 


Highly instrumented pilot plants 
can increase research productivity by 
saving time, reducing human errors, 
and using manpower more efficiently. 
Rather than attempting to design pilot 
plants for completely automatic oper- 
ation, human evaluation of run prog- 
ress and processing of workups is gen- 
erally retained. But manpower needs 
for pure control functions have been 
minimized by the design of equip- 
ment such as this cycle timer for auto- 
mating cyclic and start-run-shutdown 
operations in small pilot plants. Seven 
of these units are in use at the Baton 
Rouge Esso Research Laboratories. 

The timer, Figure 1, is housed in a 
standard temperature recorder instru- 
ment case. On the panel are controls 
for 10 timed channels, and each chan- 
nel has two rotary switches for select- 


FIG. 3. Buffer relays isolate 
ntrol and switching circuits 


ing the time interval. Time intervals 
from | min to 2 hours in 1 min steps 
are selected by setting the two switches 
so that their product equals the time 
duration desired for that channel. 
Each channel also has a hold position 
that locks the operation on that chan- 
nel. Of course, fewer than 10 chan- 
nels can be used by setting the un- 
needed channel switches to zero. 
Lights show which channel is active. 

Other features include a_ safety 
channel button that switches the 
timer from any channel to a home 
position indicated by the center light. 
This safety channel can be set up to 
produce a safe plant condition. The 
timer can also be connected to the 
plant alarm system so that a sig- 
nal from the latter sends it automati- 
cally to the safety channel. A single 
cycle switch sets the timer so that 
it completes one cycle and then stops 
in the safety channel. Alternately, 
this switch selects continuous cycling 
through the program. 

In operation, the 


timer counts 


FIG. 2. Diode plugs and matrix 
interconnect channels and control circuits. 
































FIG. 1. Rotary switches set up time 
durations for each of ten channels. 


pulses from a 1 rpm synchronous mo- 
tor and matches the accumulated 
count against the preset total time. 
Counting is done with relays. When 
a match is obtained, the timer acti- 
vates the next channel. 

By itself the timer can only handle 
a single circuit for each time period. 
But pilot plants often require opera- 
tion of more than one circuit at a 
time, and a given circuit may have to 
be activated during more than one 
time period. A patchboard matrix, 
Figure 2, mates the timer to the plant 
requirements. Diode plugs inserted 
into the phone jacks, Figure 3, join 
selected control circuits to appropri- 
ate time channels. The vertical rows 
of jacks correspond to circuits and 
the horizontal rows to channels. Any 
circuit can be connected to any chan- 
nel by inserting a plug, so changes in 
plant operation are readily made. 
Buffer relays in each control circuit 
isolate the timer power supply from 
the power supplies for the valves, 
heaters, and other controlled elements. 








SQUARE D Al, 


ORpaAK 


SIAL FV VI REAVER JER TILE TARE 


—A SIMPLER, FASTER, STATIC CONTROL! 


norRpak is a significant advance in the field of static switching. 
Like other static systems, NORPaK performs the functions of 
machine tool relays, stepping relays, latching relays and timers 
—all without contacts or motion of any kind. 

Like other static systems, NORPak is ideal for applications 
where speed is important—where reliability and long life 


EXTRA DEPENDABILITY 
NOR units have been time-tested in 
computer use for years. They are 
not subject to wear, will give top 
performance indefinitely, and pro- 
vide unfailing circuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual 
evidence of proper performance. 
Simple dynamic sequence tester 
checks individual NOR units in 
operation. 





are essential— where conditions make 


conventional magnetic devices impractical. 


But unlike other static switching systems, 
NoRpak otters these important advantages 


< EASIEST TO APPLY 


‘ 


EXPERT APPLICATION 
HELP 

Field specialists, factory-trained 
in all aspects of NORpak can give 
you on-the-spot answers to any ap- 
plication questions. 


The transistor NOR unit is the basis of 
morRpak., All logic functions— AND, OR, 
NOT, MEMORY —can be accomplished with 
combinations of this single NOR unit. 

NoRpAaAK is not complicated — it’s easy to 
apply to conventional circuits. Units are 
color-coded for quick identification. Simple 
DC circuit eliminates worry about phase 
relationships. 


UNMATCHED SPEED 

NORpAK provides switchi;g at rates up 
to 25,000 per second — faster than any other 
industrial static system. 


SMALLEST COMMERCIAL 
PACKAGES 

NORpAK is available in the form of individ- 
ual components, orin completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 





NORpA is available as individual 





components for application to specific 
control functions,oras completely engi- 
neered systems ranging from the small- 
est to the largest panels 








Write for the complete story on NORPAk 
— its theory, application and operation... 
Square D Company, 4041 North Richards St., 
Milwaukee 12, Wisconsin 
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Digital Actuator Positions 
Recording Heads 


WILLIAM H. FAHRINGER 
Bryant Computer Products Div. 
Ex-Cell-O Corp. 


An open-loop mechanical-hydraulic 
linear actuator in the new Bryant 
Series 4000 magnetic disc files posi- 
tions all recording heads in a max- 
imum of 100 millisec including set- 
tling time. The files themselves have 
from one to 24 discs, with total capac- 
ity ranging from 30 million to 720 
million bits. For each dise face there 
are six air-floated magnetic heads 
mounted on a rocker arm so that each 
head can serve 128 tracks. All the 
rocker arms are locked together and 
moved as a unit through a backlash- 
free linkage. The actuator swings all 
the heads simultaneously to any of 
128 positions with an accuracy of 
better than 0.001 in. 

The actuator housing, figure, con- 
tains seven separate piston and cyl- 
inder assemblies in a common bore. 
Each piston pushes against the cyl- 


Switching Circuit 


N. K. SHANKAR 
Bausch & Lomb, Inc. 


Control and measuring systems 
often include a photoelectric function 
generator with an incandescent light 
source, and lamp failure usually ren- 
ders the system inoperative. This 
novel transistor circuit automatically 
switches over to a standby lamp when 
the main lamp fails. A third lamp 
monitors circuit operation and indi- 
cates: 1) normal working of the main 
source lamp, 2) switchover to the 
standby lamp, and 3) condition of the 
standby lamp. 

The circuit, figure, resembles a flip- 
flop with O, on one side and QO, and 
QO, in cascade on the other. O, and the 
indicator lamp are connected across 
the main lamp switching circuit. Only 
one supply voltage is required. 

Normally, Q, is biased on by the 
negative voltage applied to its base 
through the standby lamp, R,, and R,. 
Its base current is too small to light 
the standby lamp, but current flowing 
through R, and the low collector- 
emitter impedance of Q, does light 
the main lamp. At the same time the 
voltage at the junction of the main 
lamp and R, is applied to the bases of 


inder in front of it, except the seventh 
piston, which is connected to the 
load. Piston movements are con- 
trolled by seven electrically operated 
transfer valves. These are of standard 
two-stage design, with hydraulic am- 
plification but with the feedback 
function eliminated. 

Supply pressure working on part 
of the area of the seventh cylinder 
loads the first six piston and cylinder 
assemblies toward the retracted posi- 
tion, and supply pressure also loads 
the seventh piston in the same direc- 
tion. When transfer valves connect 
the control ports of one or more 
pistons to the supply, these pistons 
extend, giving an output equal to the 
sum of their strokes. Each piston has 
twice the stroke of the one preceding 
it (from 0.015 to 0.96 in.) permitting 
the actuator to have 128 discrete out- 
put positions. There is no feedback 
system, but a displacement encoder 
supplies a 7-bit binary signal indicat- 
ing the position of the heads. 

All cylinders and pistons are lap 


Backs Up Light 


Q, and Q, to switch on these transis- 
tors. The rather small emitter current 
of QO, lights the indicator lamp dimly. 
QO, clamps the base of QO, to nearly the 
emitter voltage, so O, remains off and 
the standby lamp does not light. 

Main lamp burnout removes nega- 
tive supply voltage from the bases of 
QO, and Q, and from the collector of 
QO,. These three transistors stop con- 
ducting, the indicator lamp goes out, 
and QO, appears as an open circuit 
across the emitter and base of Q,. 
The Q, base is now biased negative 
through R,, QO, conducts, and the 
standby lamp comes on. 


4 


Linear actuator has 
128 discrete output positions 


fitted, eliminating seals in these areas 
and reducing leakage at the output 
shaft to virtually zero. Only one dy- 
namic seal is used in the actuator 
assembly. All parts of the actuator 
are made of the same material and 
hence have the same temperature co- 
efficient, allowing the assembly to op- 
erate over a wide temperature range 
with no adverse effect on accuracy. 


Source 


Now suppose that the main lamp is 
operating and the filament in the 
standby lamp opens up. This removes 
base bias from O,, O, ceases to con- 
duct, and the voltage at the R,R, 
junction (and on the base of O,) goes 
more negative. O, then conducts more 
heavily, drawing enough base current 
to keep the main lamp lit and making 
the indicator lamp in its emitter cir- 
cuit glow brightly as a warning. 

The switch is for checking the in- 
dicator lamp itself. If this lamp is out 
but lights when the switch is thrown 
to “‘test’’, the circuit has switched over; 
if not, it has burned out. 





Circuit monitors lamp 
condition, switches in 
standby when required 
Main and standby 
lamps are 6.3 volt, 
0.5 amp.; indicator is 
2.3 volt, 0.15 amp. 


Standby 
lamp 
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Indicator 
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You have asked... 


Q. Yournatural-color polyethyl- 
ene for high-voltage insulation, 
ALATHON 3B, NC10, has been 
around for several years now. 
Have you introduced a better 
resin? 


A.No... nobody (including us) 
has been able to match the re- 
sistance of ALATHON 3B, NC10, to 
combined coronaand mechanical 
stretching (bending) under a vari- 
ety of conditions, The search for 
asuccessor may be academic since 
we have never had a failure in any 
of our 15K V cables insulated with 
the 3B resin, Nevertheless, eter- 
nally optimistic about maintain- 
ing a lead, we have lots of new 
compounds under test. If one 
looks better, we'll be in touch 
with you, 


Q. If ALATHON 3B is so good, tell 
me how I can be sure of getting 
its outstanding properties with- 
out naming brands? 


A. Rely as you ordinarily do, on 
the judgment of responsible 
cable manufacturers, There is no 
simple way yet, outside of our 
published electro-mechanical 
stress-crack test, or some equiva- 
lent way (not all of which are 
reproducible) of separating res- 
ins of superior electrical life from 
others of identical melt index and 
density. Nevertheless, for the 
present, it will narrow the field 
somewhat to specify a melt index 
of 0.2 to 0.4 and density in the 
general range of 0.92. 


Du Pont does not manufacture wire and 
cable, but supplies thermoplastic resins 
to the wire and cable industry. 
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POLYCHEMICALS DEPARTMENT 


WIRE AND CABLE 


ROUND TABLE 


Seven-conductor 600-volt contro! cable with jacket of ALATHON over the aluminum 
sheath offers necessary corrosion protection for chemical plant hook-up. 


General Cable uses ALATHON® and ZYTEL” 
for unique control cable construction 


The problem of acute corrosion attack on 
metal conduits has been licked at a Texas 
chemical processing plant. A unique control 
cable construction, utilizing a 0,032” jacket of 
Du Pont ALATHON4, BK-30, polyethylene resin 
over thealuminum sheath, has solved the prob- 
lem. The cable is manufactured by General 
Cable Corp. of New York. 

The jacket of ALATHON completely protects 
the aluminum sheath from the corrosive ele- 
ments in the air. In addition, it also provides 
additional electrical and mechanical protec- 
tion to the cable, and allows quick and neat 
installation. 

The 0,020” primary insulation over the seven 
conductors in this 600-volt cable is also 
ALATHON 4, BK-30. This black, weather-re- 
sistant type of insulation was used to protect the 
cable at outside terminations in the open plant 
structure. Over the primary, a thin 0.004” 
secondary insulation of ZYTEL 37X nylon resin 


ALATHON’ 


POLYETHYLENE RESINS 


CIRCLE 112 ON READER SERVICE CARD 


_ cu RA ek Sa. ae RS 


RULAN’ 


FLAME-RETARDOANT PLASTICS 


is used for mechanical protection at termination 
points. The skin of ZyTEL, which is also 
weather-resistant, completely protects the cable 
from rough handling and the abrasion found 
in crowded junction boxes. 

Find ‘out how insulation and jacketing of 
the Du Pont plastics may give you installation 
savings. Consult your wire and cable manu- 
facturer, or write: the Du Pont Company, 
Dept. CE-8; Roem 2507A, Nemours Bldg. 
Wilmington 98, Del. In Canada: Du Pont of 
Canada Ltd., P.O. Box 660, Montreal, Quebec. 


ZYTEL* 
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NEW PRODUCTS 


10 AUTOMATIC SYSTEMS test components, 
classify data, and compute trends. 


Representing the first complete line of automatic testing 
systems available for industry, ten new quality information 
and test systems (OTT) have been announced. These ten, 
and others still to be introduced, will feature automatic 
programming of test sequences and limits, integrated con- 
struction of testing and data handling functional modules, 
cellular presentation of test results to be analyzed by a 
trend computer, and profitable balance of economics with 
process dynamics. Other OIT systems not shown here are 
a basic appraisal system for incoming components (309), 
a spark and mark cable tester (310), a dynamic circuit ana- 
lyzer (311), and a relay in-line tester (312).—Specialty Con- 
trol Dept., General Electric Co., Waynesboro, Va. 

Circle indicated number (309-318) on reply card 

Automatic transistor classifier moves production by 

salable model numbers into bins.—$35,000-60,000. (316) 


An automatic diode 
grader senses polar- 
ity of selenium di- 
odes, performs elec- 
trical test, and either 
accepts or rejects 
them, sorting them 
into one of 11 bins. 
Rate of grading is 
30 per min.—$15,- 
000-27,000. (317) 





Programmed automatic circuit tester scans up to 
3,600 points at 540 per sec.—About $20,000. (313) 


The Autotran transformer 
tester performs six oper- 
ations following punched 
tape program: induced 
voltage, hi-pot, exciting 
current, voltage ratio and 
polarity, core loss. Results 
appear in two places. 
—$20,000-30,000. (314) 


Multicycle reliability tester checks variety 
of units in 1/100 manual time from 
tape program. — About $21,000. (318) 


Relay tester makes 
203 measurements 
and classifies 8 par- 
ameters in 30 sec.— 
About $24,000. (315) 





NOW YOU CAN BUY 


OFF THE SHELF! 
FOR IMMEDIATE 
SHIPMENT" 


transmitters (1HG, 1HG400, 5HG, 5HG400) 
... angle transmission units for torque trans- 
mission and servo control systems. 


receivers (1F, 1F400, 5F, 5F400) 
... used as receivers in torque transmission 


systems. Have shaft damping to prevent oscil- | 


lation and overcome any tendency to spin. 


control transformers (1HCT) 

... produce an a-c voltage at the rotor termi- 
nals that depends on rotor shaft position and 
the voltages applied to windings. 


differential transmitters (1HDG, 5HDG) 

... "add in” other shaft positions when con- 
nected between transmitter and receiver or 
control transformer. 


Use Telesyn synchros for extremely accu- 
rate drives and indicators of position, 


pressure, flow or other synchro-transmit- | 


ted information. 


A pioneer in the field of synchronous | 


transmissions, Ford Instrument Company 


produces synchros of proven precision. | 


* Available to meet MIL specs. 

*In sizes to meet a multiple of re- 
quirements, 

* For torque transmission and voltage 
indication, 


*Subject to prior sale. Ford inspection 7 days | 


A.R.O. —Government inspection 12 days A.R.O. 
3 


FORD INSTRUMENT 
COMPANY 


Division of The Sperry Rand Corporation 
31-10 Thomson Ave., Long Island City 1, N. Y. 
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SYSTEMS 
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LOW COST ROBOT 


Built to sell at $2,500, this industrial 
robot materials handler is said to be 
the first such device available as a stock 
item. The TransfeRobot 200 can 
move a standard load of 1 Ib (maxi- 
mum of 5 Ib) 2 in. vertically and shift 
it 10 in. along the arm’s axis. The arm 
also rotates and opens and closes its 
jaws. Speed of operation is 30-60 
complete cycles per min. Program- 
ming is by setting cams and stops for 
motion and by setting switches for re- 
lationship with other machines or jaw 
action. Reprogramming for new work 
should take no longer than 30 min. 
The robot arm can also be rented.— 
U. S. Industries, Inc., Robodyne Div., 
Silver Spring, Md. 

Circle No. 319 on reply card 


DESK COMPUTER 


Newest addition to this manufac- 
turer's line of data processing equip- 
ment is the Recomp III, a small 
scientific computer. The machine has 
a 4,096-word magnetic disc memory, 
each word having 40 bits. The com- 
puter can handle 8,000 instructions. 
Standard input and output is by type- 
writer or tape punch at 10 characters 
per sec. Main memory access time is 
9.3 millisec, which can be reduced to 
1.75 millisec by using two high speed 
loops. For fixed point computation, 


operation time is 0.54 millisec for add- 
subtract functions. Computer includ- 
ing desk measures 30 x 30 x 60 in. 
Standard 115-vac supply is required. 
Sale price: $65,000; lease $1,495 per 
month.—Autonetics Div. of North 
American Aviation, Inc., Downey, 
Calif. 

Circle No. 320 on reply card 


HYDROPNEUMATIC NC 


Said to be the first tape reading nu- 
merical control based on pneumatic 
and hydraulic principles, the Hydra- 
Point system is priced at about 10 per- 
cent less than most comparable elec- 
tronic control installations. The sys- 
tem had not previously been available 
separate from a machine tool. System 
design is said to result in easy main- 
tenance, greater speed of operation, 
and low cost. Tape positioning speeds 
are 350-700 in. per min, and position- 
ing accuracy is to within +0.0005 
in.—Industrial Div., Moog  Servo- 
controls, Inc., E. Aurora, N. Y. 
Circle No. 321 on reply card 


DATA HANDLING 
& DISPLAY 


TWO-WAY PLOTTER 
Two simultaneous plots of any four 
independent voltages against time are 
recorded on this Model 1587 plotting 
board. Plotting surface may be tilted 
to either horizontal or vertical posi- 
tion. Tilting is accomplished electri- 
cally and can be done during plotting 
Recording pens cover entire 30 x 30 
in. surface with acceleration of the 
pen at 1,350 in. per sec*. Pens are 
mounted on movable arms that ac- 
celerate at 450 in. per sec. Arm colli- 
sion is eliminated by automatic cir- 
cuits. Accuracy of the plot is to within 
0.05 percent. Price: $16,100.—Milgo 
Electronics Corp., Miami, Fla. 
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DATA COLLECTORS 

Two new systems for collecting and 
transmitting data from remote loca- 
tions have been announced. The 3100 
Shoptrol system is a factory monitor- 
ing and data collector set up for timely 
reaction to factory conditions. It con- 
sists of a control center and status 
monitors installed in groups of 20 at 
the control center for receiving infor- 
mation from work stations, paging col- 
lectors and operating control stations. 
The 3101 data collection system is de- 
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Constant displacement piston pumps 
driven by low pressure steam tur- 
bines deliver fire-resistant fluid to 
accumulators for energy storage. 
Thus, high horsepower output for 
fast opening and closing of process 
control valves is obtained with low 
horsepower input. 





Control console and power unit form 
electro-hydraulic system for controlling 
automatic heat treatment cycle. 
Physical layout provides optimum cir- 
cuit efficiency, ease of servicing, and 
good appearance. 


This power package includes all hy- 
draulic pumps and valves for complete 
control of automatic cyclic operation 
of process in a butadiene plant. 
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ast and precisely controlled motions, having the 
high reliability demanded by modern processing, are 
inherent characteristics of hydraulics. In addition, 
these advantages are obtained at low cost, for you can 
cover your full range of operations—from valve control 
to power transmission—with standard Vickers com- 
ponents. Your engineers enjoy unlimited design flexi- 
bility through a choice of electric, electronic, pneumatic 
and manual signals to control the hydraulic pumps, 
motors, cylinders, and variable speed drives. 


Vickers complete packaged systems are ready to go 
into service upon arrival in your plant, since they are 
thoroughly pretested before shipment. They are prop- 
erly designed and built to give maximum service life 
with little downtime, thus helping to keep your plant 
on stream. 


Get more information on the job being done by 
Vickers packaged hydraulic systems in chemical, petro- 
chemical, petroleum refining, and other processing 
industries by writing today for Bulletin 15802, 
“Packaged Hydraulic Systems for Process Control.” 


VICKERS INCORPORATED 


DIVISION SPERRY RAND CORPORATION 


ADMINISTRATIVE and ENGINEERING CENTER 
Depertment 1606 . Detroit 32, Michigen 


9138 
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Ge) le Cl adata: whe nN signed for transmission of fixed and 


variable data from various remote areas 

to a central accumulator. It converts 

‘ Kr ? > information from punched cards and 
jexelele | Felele manual dials to electrical signals for 
transmission to a central collector. 


Both systems are priced in the range 
of $20,000 to $40,000 with leasing 


pees I Be ee 
paper 
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PHOTOELECTRIC ENCODER 
Said to be the first photoelectric 
binary encoding keyboard, the K-144 
alphanumeric unit features an exclu- 
sive technique which permits genera- 
tion of any 5, 6, 7, or 8-bit binary 
code. Encoding matrices, contacts, 
and switches used in other keyboards 
are eliminated, When key is depres- 
sed, associated binary code shutter 
The machine at left is a Friden Collectadata® modulates light channels. Binary coded 
Transmitter—key to a new system of internal light data result in resistive changes 
data collection that virtually eliminates in a bank of photoconductors corre- 
in-plant paperwork. sponding to the binary code. Optional 
amplifier can convert the photo- 
The system is simple. Transmitters, spotted in conductor signals to signals compatible 
key reporting locations throughout the plant, with computer logic. With a 44-key 
are cable-connected to a central Collectadata keyboard, the device sells for $550.— 
Receiver. “Blank forms” are issued as pre- Invac Corp., Natick, Mass. 
coded tab cards or Friden edge-punched 
cards. Each card becomes a “filled-in” report 
after the worker inserts it in the transmitter, dials in variables and 
touches a key. The rest is automatic. The receiver records each report FAST RANDOM FILE 
in punched paper tape, adds an automatic time code. At day’s end, the \ ven Mesias” ca f file 
receiver tapes are processed—converted to tab cards or fed directly into A RE Cees Ona ae OF 


- . i ganization i: sd i is high spee 

a computer to prepare comprehensive summaries of plant activity. ganization is used in thi high peed 
random access disc storage unit. Con- 

Collectadata users report substantial savings in time and money. But trasted with the one-head arrange- 


in many applications the speed, accuracy and efficiency of automated ment of the manufacturer’s 350 
data collection are even more significant. For information, consult (used in the RAMAC 305 system) 
your Friden Systems Man. Or write: Friden Inc., San Leandro, Calif. and 1405 (used with the 1401 and 
THIS IS PRACTIMATION: automation so hand-in-hand with 1410 systems), the new 1301 file 


practicality there can be no other word for it. © 100: raven, ne. uses two stacks of 20 discs with a 
read/write head for each of the 40 


surfaces in each stack. Data are read 

; ¥ in or out in a vertical column, so 
wa there is no vertical movement of the 
ees Tl r heads, cutting access time. Two-stack 
hs Zl units have 50-56 million character 
Pa Soe ape op eMac ENN CES capacity, depending upon which of 


THROUGHOUT THE U. Ss. AND WORLD the manufacturer’s computers they 
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AO Trace-master 
provides twice the 
definition of any 


other direct 
writing technique 





SEE IT AT WESCON... 
Booths 3707, 3709, 3711, 3713 
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AMERICAN OPTICAL COMPANY 
INSTRUMENT DIVISION, BUFFALO. 1.Y 


The unique direct-carbon-transfer writing method 
produces a trace from 2 to 3 times finer than any other 
direct-writing technique. This allows twice as many 
lines per millimeter ...twice the definition! Resolu- 
tion is unsurpassed . . . each line is uniform in width and 
contrast, revealing the most minute variations in the 
phenomena measured with utmost fidelity. This writing 
technique combined with the advanced pen-motor 
design produces a wider frequency response at larger 
amplitudes. Continuous recording of data can be dis- 
played simultaneously on 8 channels... up to 8 inde- 
pendent event markers can be added. Ten chart speeds — 


0.1 to 500 mm/sec — provide a 5000:1 chart speed ratio. 


The AO Tracemaster has become the new standard of 
performance for these and many other reasons . . . write 
now for the full story! 


American &) Optical 
COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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“MASTER CLOCK’ 
for the missile range uses 15 


Honeywell Visicorder oscillographs 


The Timing Operations Center designed and built 
by Epsco-West for the Navy’s Pacific Missile 
Range is now in use at Point Mugu, California. 
It makes use of 15 Honeywell Visicorders to read 
out (as shown on the unretouched record at left) 
the modulated timing codes distributed as bal- 
anced outputs to the Center’s “customers.” 


These customers are the test and development 
crews On weapons systems, satellites, space ve- 
hicles or any other users of the facility who de- 
pend upon extremely accurate timing signals for 
many purposes including satisfactory correlation 
of telemetry data. The TOC generates as many 
as eleven separate timing signals, any one of which 
may be delivered to any of 36 users at one time. 


Entirely solid-state, the Epsco-West TOC consists 
of a precision frequency standard, the 100-kc/sec 
output of which is accepted by the timing signal 
generator and divided down to one pulse per sec 
by digital divider units. The 1-pps signal is ac- 
cumulated in binary-coded decimal format by a 
counter-type register permuted to read out in 
hours, minutes, and seconds. Recycling occurs at 
23:59:59. Controls include advance or retard in 
10-microsecond increments. 














Viscorders are conveniently installed in 
control consoles of three-rack TOC modules. 
Records are immediately legible without 
chemicals or developing. 


The 906B Visicorder also performs a supplemen- 
tary function as a monitor on the timing and test- 
patch panel, and as permanent “record-keeper”’ 
for the built-in indicators and test oscilloscopes. 
Visicorders were selected for their jobs with the 
TOC because of their versatility, reliability, low 
cost, and compact size (10” x 10” x 151%"; weight, 
37 lbs.). 

Pioneer and acknowledged standard in the field 
of high frequency direct-recording oscillography, 
the Visicorder is available in several models, from 
6 to 36 channels, DC to 5000 cps response, up to 
20,000” /sec writing speed. Honeywell engineering 
is at your service through 120 field offices for help 
in applying one Visicorder or a full system to your 
data acquisition program; or a quantity of Visi- 
corders for OEM application in your products. 


Call your local Honeywell office now or write today 
for Catalogs HC906B, 1012, 1108, and 1406 to 
Minneapolis-Honeywell, Heiland Division, 5200 E. 
Evans Ave., Denver 22, Colorado. Our telephone is 
SKyline 6-3681, Area Code 303. 


‘yey 
; veeeeer 
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Honeywell | 
HE] Quduitiial Products. Group 
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OTHER PRODUCTS: SYNCHROS RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INTEGRALLY GEARED. UNITS INDUCTION GENERATORS «DRAG CUP MOTORS 
SYNCHRONOUS MOTORS PERMANENT MAGNET GENERATORS VELOCITY AND 

INERTIA DAMPED UNITS ...-AND SPECIAL DESIGNS 


|kollsman motor corporation 
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are used with; access time can vary 
from 17 millisec to 180 millisec max. 
(A double density 350 has 10 mil- 
lion capacity, average access time of 
600 millisec; double density 1405's 
capacity is 20 million, with same 
access time.) Two-stack 1301 sells 
for $185,000 and rents at $3,500 per 
month. First deliveries will be in about 
one year.—International Business Ma- 
chines Corp., Data Processing Div., 
White Plains, N. Y. 
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RESEARCH, TEST 
& DEVELOPMENT 


TUMBLE RATE TESTER 
This highly precise unit is designed 
to test gyros and other devices requit 
ing precise orientation or rotation. The 
COS5 6452 009 tumble rate test stand 
features a rotary table locking arrange 
ment that permits selection of 0, 90, 
180, and 270-deg static angular posi- 
tions. Precise tapered roller bearings 
are used for rugged, low friction, ac- 
curate mounting. Rotation rates are 
150 and 300 deg per hr. Table rate 
stability is within 0.2 percent. Axis 
wobble is 10 sec of arc max.—Kearfott 
Div., General Precision, Inc., Little 
Falls, N. J. 
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SPECTRUM ANALYZER 


Analysis, display, and recording of 
complex waveforms can be carried out 
simultaneously on two new Rayspan 
spectrum analyzers. The MRFR 30 
) analyzes a signal by applying it 
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TEMPERATURE 
CONTROL 


UNITED ELECTRIC’s Type D5 Remote Bulb Temperature Control 
is a precision unit containing a micrometer adjustment for obtain- 
ing wide ranges and accurate temperature settings. This control 
has found extensive use in applications such as laboratory and 
industrial ovens, water baths, hot plates, etc. 





—150°F. to 200°F., 70°F. to 370°F., 100°F. to 650°F. 





15 amps. at 115 or 230 volts A.C. Also 20 amps. or 
D.C. switches on specification. 





N.O., N.C., or Double Throw — no neutral position. 





Approximately 1.0°F. or 2.0°F. dependent on model. 





Three-turn, calibrated knob rotated against graduated 
barrel. Readings and divisions equally spaced over 
entire range. Adjustment knob includes calibration 
screw. 





Made to internally located terminal block via clearance 
hole in the enclosure. 


Capillary Tube Length...; Standard length six feet. Other lengths available. 


Die-cast aluminum case with black wrinkle finish. 
Other finishes available. 








OMETER-ADJUSTED 





Control head surface mounted in any position by means 
of dog ears. May also be flush mounted. 








Complete information on the Type D5 appears 

in Section 200 of UNITED ELECTRIC’s new 
catalog. Section 200 contains detailed data on 

UE’s complete line of remote bulb temperature [- 
controls. This information is clearly stated and [y= 
attractively illustrated. Send for your copy now. = 


e Unted tlectnc Lontrois 


‘ 


CIRCLE 122 ON READER SERVICE CARD 





| NEW PRODUCTS _ 


simultaneously and continuously to a 
bank of 100 3-cps filters. The filters 
allow an analysis of any 300-cps band 
from 5 cps to 10 keps. Filter outputs 
are sampled in sequence by a fast 
capacitive commutator, and the de- 
tected signal is amplified and displayed 
on an oscilloscope. The MRFR 30-11 
uses 420 3-cps filters for a 1,260-cps 
band. Prices are $5,500 and $15,975, 
respectively.—Raytheon Co., Indus- 
trial Components Div., Newton, Mass. 
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SENSITIVE ’SCOPE 
Said to be the most sensitive com- 
mercially available oscilloscope, the 
Type 403-B has a sensitivity of 50 mi- 
crovolts per cm and low noise level to 
permit resolution of signals as low as 
10 microvolts. The unit is useful 
beyond 3 Mecps and features high 
amplification with low noise input. 
Outputs of strain gages, pressure pick- 
ups, accelerometers, and other low 
level transducers can be displayed 
without amplification. Calibrated wave 
sweeps are available from 1 microsec 
per cm to 5 sec per cm.—Industrial 
Electronics Div., Allen B. Du Mont 
Laboratories, Divs. of Fairchild Cam- 
era and Instrument Corp. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


POT PRESSURE CELL 
Designed for use in severe environ- 
ments, this new improved poten- 
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Ketay Servo Components 


available separately. .. 


Ketay servo components are recognized throughout 
industry and military agencies for outstanding accuracy 
and reliability. The advanced designs and quality 
control techniques provide precision to satisfy the most 
exacting requirements of today’s servo systems. 

Now this same high reliability is available to your 
servo systems with Ketay modular packages. These 
packages are produced with the identical quality control 
procedures as are the individual components... and 
provide your servo systems with the maximum accuracy 
of the individual components. 


Here are a representative group of Ketay components 
available separately or packaged in combination. 


Control and torque transformers; trans- 
mitters and receivers; torque and control differential 
transmitters to MIL-S-20708A. Sizes 05 to 31. 


Featuring high ratio of stall torque 
to power input at maximum rpm. A wide variety in 
frame sizes from 05 to 23. Exceed environmental 
requirements of MIL-E-5272A, 


or in modular packages 


Complete range of servo amplifiers, tran- 
sistorized and magnetic. Outputs from 1.5 to 9 watts, 
designed to operate in ambients from —55° to +-125°C., 
Also dual channel resolver amplifiers. 


A wide choice of types including 
single-turn and multi-turn, with linear and non-linear 
windings, ganged potentiometers as well as sector and 
pendulum pots. High temperature (to 300°C) and 
nuclear resistant models. 


Size 08 to 23 resolvers available offering 
functional accuracies to .03%, stability over a range 
of —55°C to +125°C, high input impedance. Vernier 
resolvers available with null spacing accuracy of 10 
seconds. 


Variety of gyro spin motor 
and pick-off characteristics may be combined to fulfill 
desired specifications. 


Integrating and damping 
types. Size 15 integrating model requires no warm-up 
time, meets environmental requirements of MIL-S- 
17806. Size range from 08 to 18. 


Ketay also manufactures a complete line of precision encoders, servo motors, resolvers, 
motor tachometers, gyros, and amplifiers, in a wide range of sizes and specifications to meet 


NORDEN 
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your specific requirements. Components are available separately or in modular packages. 


division of UNITED AIRCRAFT CORPORATION 


COMMACK, LONG ISLAND, NEW YORK 
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What's 
NEW... from 


Coleman 
Electronics 
Inc. 


HIGHER 
RESOLUTION... 
3B series DIGITIZERS in 
3, 4, 5 and 6 decade models 
NOW AVAILABLE with 
1000 COUNTS per REVOLUTION 
of input shaft. 


* SEE IT AT THE SHOW 


igtigor, the heysdons of 


WESTERN ELECTRONICS SHOW AND CONFERENCE (WESCON) 
AUGUST 22-25, 1961 
VISIT OUR DISPLAY BOOTHS, 2418 - 2424 


mes 
oo 


133 EAST 162ND STREET, GARDENA, CALIFORNIA 
FACULTY 1-4775 
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tiometer transducer functions with less 
than +] percent instantaneous ac error 
during vibration of 50 g to 2,000 cps. 
Sensing element is a precision Ni- 
Span-C Bourdon tube. Multiplication 
of movement does not require pivots 
or linkages. Unit is linear within 1 per- 
cent, and hysteresis is as low as 0.5 per- 
cent for ranges to 1,000 psi. Seven 
models are available in ranges of 0- 
2,000 psi to 0-5000 psi, absolute or 
gage. Units weigh 44 oz and measure 
17 in. in diam by § in. Price: $185 to 
$225.—Control Components Div., In- 
ternational Resistance Co., Philadel- 
phia, Pa. 
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ACCURATE LEVEL INDICATOR 


High accuracy, flexibility, and low cost 
are features of this 959 series capaci- 
tance operated level indicator. Device 
accepts inputs from a variety of probes 
and indicates and controls them on 
the receiver shown above. The receiver 
uses solid state circuits of plug-in de- 
sign and is accurate to within less than 
1 percent. Circuitry involves a self- 
balance bridge with a servo readout to 
elminate drift. Unit measures 6 x 6 x 
16 in. deep and operates on 115 volts, 
60 cps. Indicator price: $550; probes: 
about $50.—Magnetic Instruments 
Co., Inc., Thomwood, N. Y. 
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ACCURATE PRESSURE SENSOR 


This new high range absolute pressure 
transducer, the Model 737, is of 
miniature size, but meets all applicable 
government specifications. Static error 
band is +1.2 percent. Multiplying 
linkages are eliminated by use of direct 
acting electrical pickoff. 
Characteristics: 
Ranges: 0-4,000 to 0-10,000 psi. 
Resistances: 1-10 kilohms +5 percent 
Resolution: to as low as 0.2 percent 
Dimensions: | in, in diam by 1.48 in 
Weight: approximately 4 oz. 
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3 TIMES 
a va FASTER 
Ye ee CYLINDER 
PISTON ¢ 


RETURN 
THAN WITH COMPARABLE SOLENOID VALVES 


* ASCO MIDGET 3-WAY—ACTUAL SIZE 








OVERSIZE EXHAUST 

The ASCO Bulletin 8317 Solenoid Valve provides the fastest cyl- 
NORMALLY C165 pla 12 return skein lndr lakes 2 code withthe 
NORMALLY CLOSED, OR SI e stroke in <¢ Vy s € 


8317 . .. 7 seconds with a comparable valve. This remarkable 3-way 
UNIVERSAL OPERA TION solenoid valve can be substituted for larger, more expensive units 


normally required to obtain fast return. 


MOUNTS In ANY POSITION In other 3-way valves, the fast rate of flow under pressure usually 


provides quick operation of the cylinder or diaphragm, but the 


dissipation of pressure on exhaust results in a slower return stroke. 
ONLY 2 MOVING PARTS 


The large exhaust orifice on the Bulletin 8317 (over 7 times greater 


| ge than the inlet area) quickly vents the pressure, permitting the 
piston or diaphragm to return rapidly. 


The ASCO Bulletin 8317 has only 2 moving parts... mounts in any 
position . . . is available in normally open, normally closed and 
universal construction . . . with general-purpose, explosion-proof 
or watertight solenoid enclosures in 4” pipe size . . . for pressures 
up to 160 psi . . . for water up to 100° F. or air, gases and light 
hydraulic oil up to 180° F. It is immediately available from stock, 
as are other ASCO solenoid valves. 


WRITE FOR BULLETIN 8317, providing complete descriptive information on this new, “midget,” quick-exhaust 3-way. 


ASCO Valves 


DEPENDABLE ConTROL BY Aulomatic Switch Co. HANOVER RD., FLORHAM PARK, N. J. » FRONTIER 7-4600 + AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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Atlanta: 270 Peachtree St. N.W., 522-1611 © Boston: 140 
Federal St , HU 2-1800, Ext. 311 * Chicago: 120 S. Lo Salle St., 
782-5061 * Cleveland: 215 Euclid Ave., SU 1-6822 * Dallas: 
3200 Maple Ave , R! 8-0589 * Detroit: 680 Antoinette St, TR 
2-2600 * Houston: 4219 Richmond Ave., MO 7-330! * Kansas 
City, Mo.: 106 W 14th St, GR 1-2919 + Les Angeles: 1010 S 
Flower St., DU 1-364) © Lowisville: Bidg. 6, Appliance Pk., GL 
4-7511 * Minneapolis: Plymouth Bidg., 6th & Hennepin, FE 
2-7569 * New York: 122 E. 42nd St., PL 31-1311, Ext. 3205 


ONE OF THESE NEW GE MANAGEMENT CONTROL 


New GENERAL ELECTRIC SHOPTROL 
System monitors individual work 
stations...displays production status 

at a control center for timely reactions 
to factory conditions. 


The GE Suortrot System is a factory monitoring 
and data collection system that monitors work sta-, 
tions and records production data at a central point. 
Each work station’s status is visually displayed on 
a Status Monitor. Status Monitors present a pano- 
ramic view of up-to-the-minute factory conditions 
for visual display at the Production Control Center. 
Work stations have an operator control station, or 
an alarm station terminating at the Control Center. 
Depending on complexity of communication needed 
and data to be transmitted, a paging selector may, 
be added to each work station. 


The Shoptrol System records, in hundredths of 
hours, time elapsed for operations, set-up and tear 
down, unavoidable delays, machine running, and 
machine off conditions. The Shoptrol System can 
record time elapsed, or count pieces or operations. 


The Shoptrol System provides direct signal com- 
munications from work stations to the Production 
Control Center. The operator control station and 
paging selector have phone jacks to provide entry 
into the telephone intercom. Units are ruggedly 
built for dependable life in factory conditions. 


Totals recorded from the Status Monitors at the end 
of shift produce information for production control 
analysis and management decision making. The 
data is readily convertible to punched cards or 
paper tape for input to a data processing system. 
For more information, write for brochure CPB-152, 
General Electric Company, Computer Department, 
Section 90G8, Phoenix, Arizona, or your District 
Office listed below. 


THE GE SHOPTROL SYSTEM CONTRIBUTES 
TO GREATER PRODUCTION EFFICIENCY BY 
... providing constant com- 
munication between production 

contro/ center, foreman, and 
work station operators. 

... collecting and displaying 
current production data for each 
work station. 

.../nereasing accuracy of 
production records. 

...providing immediate production 
status for management 

at ail times. 


* Philadelphia: 3 Penn Center Plaza, LO 8-1800 * Phoenix: 
Guaranty Bonk Bidg., 3550 N. Central Ave., AM 4-3741-2 « 
Pittsburgh: 1634 Oliver Bidg., Melion Sq., AT 1-6400, Ext. 566 
* San Francisco: The Russ Bildg., 235 Montgomery St., DO 2-3740 
* Schenectady: Bidg. 2, | River Rd., FR 4-2211, Ext. 5-4405 « 
Seattle: Dexter Horton Bidg., 710 Second Ave., MA 4-8300 « 
St. Lovis: Pau! Brown Bidg., 818 Olive St., GE 6-4343 + Syracuse: 
1010 James S1., GR 6-4411, Ext. 6141 or 6142 * Washington, D.C. 
Area: 7401 Wisconsin Ave., Svife 514, Bethesda, Md., Ol 2-8100 
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SYSTEMS WILL SAVE YOU MONEY THIS YEAR 


New GE 3101 DATA ACCUMULATION 
and COMMUNICATION System 
provides immediate plant / office data 
communication...as a management 
tool to increase production 

and reduce costs. 


The GE 3101 is General Electric’s answer to the 
need for an economical and effective means of 
collecting operational data. Key areas such as pur- 
chasing, receiving, quality control, shop operations, 
warehouse, shipping, etc., send current data to a 
central point for collection and display. Each of 
the key areas has a Collector that sends data to 
the Accumulator, where it is punched into paper 
tape for a permanent record. Data originating at 
che Collector is from punched cards and/or 19 
variable dial settings. Collectors may be up to 
10,000 feet from the Accumulator. 


The punched paper tape can produce a typewritten 
copy immediately for visual display of current con- 
ditions; can be converted to punched cards; or can 
be used for direct input to a computer system. 
Investigate this new, lower cost development by 
General Electric. 


sai ane) Fa 
i: Shy, 
key 
Installation of the GE 31017 
information gathering system can 
result in greater operational 
profits due to: accuracy and timeliness 
of data, economy of operation, 
and quicker access to the facts 
for well informed decisions 
by management. 
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For more information, write General Electric 
Company, Computer Department, Section 
90G8, Phoenix, Arizona, or contact your 
nearest General Electric Computer Department 
Nistrict Office listed below. 


in Canada: Canadian General Electric Co., Ltd., Electronic 
Equipment and Tube Dept., 830 Lansdowne Ave., Toronto, 
Ontario, Canada. Outside U.S.A. and Canada: Producer Goods 
Export Department, International General Electric Company 
Divisien, 150 East 42nd Street, New York City, N.Y., U.S.A. 








Progress /s Our Most Important Product 
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CLARE LATCHING 
SUBMINIATURE 
crystal can RELAY 


The new CLARE Type LF, magnetic latching .sub- 
miniature relay offers designers simplified cir- 
cuitry in small space by providing latching effect 
without transistors. Magnetic latching results in 
power economy. 

The Type LF is available with either 2-coil or 
1-coil configuration. The 2-coil relay allows com- 
plete control of the latching operation within the 
relay and provides an extremely compact oper- 
ating unit. The 1-coil relay is somewhat more sen- 
sitive; it is adaptable to existing circuits where 
outside control is provided. The Type LF pro- 
vides the same wide range of mounting arrange- 
ments and terminals as the CLARE Type F relay. 


FOR NON-LATCHING OPERATION 


CLARE 7ype F 


SUBMINIATURE 
CRYSTAL CAN RELAY 


The CLARE Type F relay is extremely 
fast and more than moderately sen- 
sitive. It is built to withstand temper- 
ature extremes, heavy shock and extreme vibration. 
Contacts, rated at 3 amperes, are excellent for low- 
level circuit operations. Send for Design Manual 203. 
For coil and mounting data on CLARE 
Type LF relay send for CPC-12. Address: 
C.P.Ciare & Co., 3101 Pratt Bivd., Chicago 
45, Illinois. in Canada: C. P. Clare Canada 
Ltd., 840 Caledonia Road, Toronto 19, 
Ontario. Cable address: CLARELAY. 


Cc. P. CLARE @& CO. 
Relays and related 
contro/ components 
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Price: about $400.—Bourns, Inc., 
Riverside, Calif. 
Circle No. 331 on reply card 


CAPACITANCE LEVEL PICKUP 
The Contimitor is a capacitance 
operated monitor providing continuous 
indication of level on a meter or re- 
corder. This extremely sensitive unit 
has excellent stability and freedom 
from drift as a result of using a crystal 
oscillator circuit. For the standard 
model a capacity change of 10 pf will 
give a reading of 1 ma full scale. For 
extreme sensitivity, unit can be made 
to give a 1-ma output for 0.03 pf. Ap- 
plications include measuring paper 
and plastic thicknesses and counting. 
—Electronic Machine Co. Ltd. 
Thornton Heath, England. 

Circle No. 332 on reply card 


PLUS... 
(333) A new rate gyro from Hum- 
phrey, Inc., San Diego, Calif., is just 
1.2 in. in diam and only 2.94 in. 
long. . . . (334) Incrosyn Model IMI 
15-210, a new incremental encoder 
available from Data Tech, Cambridge, 
Mass., produces 1,024 pulses in a 
single turn with an accuracy of +4 
bit. . . . (335) Servo-Tek Products Co., 
Inc., Hawthorne, N. J., has placed on 
the market a new 45-volt, 1,000-rpm 
tachometer priced at $57.50. 

Circle Nos. 333, 334, 

or 335 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


ULTRASENSITIVE 


Input power as low as 0.5 microwatt 
will actuate this sensitive static relay 
that will handle up to 750 watts, 60 
cps. The ultRelay will operate in a 
temperature range of —40 to +60 
deg F, and has a life expectancy of 
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NEED 

HELP 

IN 

MEASURING 
ULTRA-HIGH 
TEMPERATURES? 


“Ultra-high” can be any temperature beyond the range of your present measuring 
instruments. It might be 2000°F., 5000°F., or higher. 


If you have temperature measurement problems that exceed the capabilities of 
generally available hardware or application experience, Honeywell’s basic research, 
design, or production areas may have the answers you need. 


Honeywell research and design specialists have been and still are extending the 
state of the art of high-temperature measurement. Write Dr. W. E. Kuether, 
MINNEAPOLIS-HONEYWELL, 151 E.. Hunting Park Avenue, Philadelphia 24, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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ELIMINATE 


MATHEMATICAL 
COMPUTATIONS... 


W &T prREcISION 
MERCURIAL MANOMETERS 


Simple knob adjustment eliminates 
temperature and gravity corrections. For- 
get about indexing the mercury well for 
each reading. W&T’s specially graduated 
manometer scale automatically compen- 
sates for well level depression. 


The Wallace & Tiernan 
FA-187 mercurial manom- 
eter also gives you: 


Accuracy 1/5000 
Range 0 to 31.5” Hg or 
equivalent 

Readings to 0.005” Hg 
Magnifying eye piece 
for exact reading 
Magnetic vernier elimi- 
nates meniscus reading 
Specially calibrated 
scale 


Use the W&T mercurial ma- 
nometers as calibrating 
standards for absolute pres- 
sure or easily modify them 
to perform as barometers, 
differential or vacuum in- 
dicators. 


For further information, 
write Dept A-128,28 


WALLACE & TIERNAN INCORPORATED 
2S MAIN STREET; BELLEVILLE 9. NEW JERSEY 
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millions of cycles. Single pole models 
are available in either NO or NC 
configurations with single, double, or 
differential inputs. Relay measures 
3 x 34 x 34 in. Approximate price is 
$85.—Industrionic Div., Airborne 
Accessories Corp., Los Angeles, Calif. 

Circle No. 336 on reply card 


VANE LIMIT SWITCH 


Actuation of this magnetic limit 
switch, made in West Germany and 
now available in the United States, is 
by means of an external vane passing 
through a slot in the sealed housing. 
There is no contact between static 
and moving machine components. 
Switch contacts are internally sealed 
in a tube filled with inert gas. Service 
life is said to be as high as 100 million 
cycles. Operation can be as rapid 
as 40 times per sec. Both NO and 
NC models are offered. Price: $35. 
Sta-Fast, Inc., Anaheim, Calif. 

Circle No. 337 on reply card 
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HEAVY DUTY UNIT 


Designed for machine tool control 
and other heavy duty applications, 
this Class E relay has dust cover 
and screw terminals for heavy wire 
connections. Device is a small, rug- 
ged, telephone-type relay with me- 
chanical life expectancy claimed to 
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HARtST INSTRUMENTS 


In multi-channel 


recording systems 
there is 


N ot h | N 2 N eCWe [ It’s no wonder this recorder has been chosen 


for today’s most advanced telemetry and computer systems. Providing the highest precision and 


proven reliability, Brush’s newest oscillograph instantaneously displays eight 40mm channels of 
analog data, plus two event markers. Sharp, easy-to-read traces on rectilinear coordinates. Accurate 
resolution of all signals and positive interpretation of amplitude is assured with 13 electrically 
controlled, precise chart speeds. All functions are operated by pushbutton and may be remotely 
controlled if desired. Unique auto-load system locks unit in any position for greatly simplified 
chart changing . . . without disturbing the styli. Take advantage of industry’s most advanced 
techniques in this space-saving vertical panel oscillograph. Get all the facts. Call, write or wire. 


—_—brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS CLEVELAND 14, OHIO 
CORPORATION 





2. 
22 a 2% a 


only 
Brush 


Tills all 


eect for 
nannel, Mt 
re CO rd S, (S If it’s precise, instantaneous data acquisition in writing .. . 


Brush versatile recording systems provide the answer. Whether your requirements call for this 
“pull-out”, horizontal model for convenient annotation and reading . . . or the newest in vertical 
panel recorders . . . you’ll find all of the known refinements in the art of recording by direct writing. 
Rectilinear presentation gives clear, uniform, reproducible traces for precise readout. Up to 16 
chart speeds are selected by pushbutton; jam-proof transmission provides quick response. Inter- 
changeable “‘plug-in” signal conditioners permit four vital functions in addition to amplification — 
high input impedance, zero suppression, attenuation and calibration. Event markers, internal timers, 
remote control and chart take-up are some of the available accessories. Check these advanced record- 
ing systems for yourself and you'll see why no one is as qualified as Brush. Write for complete details. 


——brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


CORMPORATION 





be 100-200 million operations. It 
is available with coils for 220 vde 
operation or 110 or 220 vac operation. 
Prices range from $4 to $12.—Auto- 
matic Electric Co., Sub. of General 
Telephone & Electronics Corp., 
Northlake, Il 


Circle No. 338 on reply card 


PRESSURE SWITCHES 


[hese compact switches, measuring 
4.30 x 2.62 in. and weighing less 
than 10 oz, use a Belleville spring for 
sensing pressure, vacuum, or differ- 
ential pressure. Gage model operates 
in the 0-100 psi range. Vacuum 
model operates to —30 in. Hg. Dif- 
ferential unit has a range of 1-80 psi 
and operates through 1-125 psi. The 
642G is priced at $33.50.—Custom 
Component Switches, Inc., Burbank, 
Calif. 


Circle No. 339 on reply card 


POWER SUPPLIES 


CALIBRATES INSTRUMENTS 


The EMV millivolt source is designed 
as a secondary laboratory standard for 
calibrating instruments that have high 
impedance inputs, such as potenti 
ometer recorders. Supply uses a zener 
diode regulated circuit to provide 
highly regulated voltage adjustable in 
two ranges from 0 to 100 mv. Accu- 
racy is to within 0.1 percent of full 
scale output, and noise output is as 
low as 0.1 millivolts across the output 
terminals or from either terminal to 
ground. Price: $175.—Westronics Inc., 
Ft. Worth, Tex. 

Circle No. 340 on reply card 


VARIABLE SOURCE 


This new 50-watt power supply, 
Model LDS-1500, delivers continu- 
ously variable voltages of 0-1,500 volts 
at currents of 0-15 amp with any 
frequency between 20 and 20,000 cps. 
Harmonic distortion is only 0.1 per- 
cent with an amplitude stability to 
within 0.01 percent. Instrument is 
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(AVIRA AVIV 
® “ 
ABOUT TELEDYNE AND TELEFLIGHT PRESSURE SYSTEMS 


Taber transducers probe rocket 
engine performance at Bell 


The ruggedness, reliability and versatility of Taber Teledyne pressure 
transducers are amply demonstrated here. In this Bell Aerosystems’ 
rocket engine test, six Taber bonded strain gage transducers are measur- 
ing chamber, hydraulic, valve actuation, tank, fuel and oxidizer pressures. 


Three of the instruments (C, D, and F) have been in service at Bell 
for more than 7 years! The others are more current compact designs, 


Taber transducers are available in a wide variety of models for 
test, ground support and airborne applications in pressure ranges from 
0-50 to 0-10,000 psi. High frequency response, minimum hysteresis, 
infinite resolution and low sensitivity to temperature effects, vibration 
and shock are among their many plus features. 


For illustrated literature, attach this coupon to your letterhead and 
mail. 


— Game 7 Ee ee ee ee es om eR eee oe 


TO: TABER INSTRUMENT CORPORATION 
AEROSPACE ELECTRONICS DIVISION SECTION 77 ee 
nee 


107 Goundry Street, North Tonawanda, N. Y. 


Send detailed information on Taber Teledyne and Teleflight bonded 
strain gage pressure transducers. 


name title 





company dept 





address 





city 
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Utilizes an entirely new type impulse motor assur- : 
ing better accuracy, long life and dependability. 5 
Requires a pulse of only 50 milliseconds duration. 

Standard ranges: 1-40, 2-120, ais 240, 5-480, and 
10-960 counts at 500 ‘counts per raineall Cascade 
arrangements permit higher counts. 


Other ATCOTROL Counters 


PUSH BUTTON IMPULSE COUNTER - 311 

Manual push-to-start button. automatic reset. Five canges available: . 40 
+ 0, 2-120 and 4-240 by + 1. 5.480 and 10-960 by + 2. 10 amps at 115 v 
a-c, Ye orn at HS: v. ani “For beteh process contrat and fiuid. rétering. 


AUTOMATIC RESET REVOLUTION COUNTER - 307 
Count ranges trom 0-12 to 0-240,000 fevolutiorts fof use on fin 
devices, winging. machines and batch tiquid controls; 














Ok 


CATOR 
cAAPseD ae “y to oems. 
only $7- 55 lots of 1 Export Department: 1505 Race St., Philadelphia 3, Pa. 
In Canada: Interprovincial Industries, 


5485 Notre Dame St.. West, Montreal 30, Quebec 
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housed in a standard cabinet, 40 in. 
high. Price: $3,850. — Krohn-Hite 
Corp., Cambridge, Mass. 

Circle No. 341 on reply card 
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TWO-WAY REGULATED 


Either current or voltage regulation 
may be switch selected when using 
the TCV-40-10 solid state power 
supply. Working on input of 115 
vac, single phase, the units produce 
40 vde with maximum current of 5, 
10, 15, or 30 amp. For line change 
of +10 percent, current regulation 
is to within 0.02 percent, and voltage 
regulation to within 0.01 percent. 
Price: $1,400.—Spectromagnetic In- 
dustries, Hayward, Calif. 

Circle No. 342 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


IMPROVED VERSION 


This redesigned miniature gear motor 
has better performance and longer 
life than the model it replaces. ‘The 
TM-148 is more compact and uses 
an additional armature bearing. Oper- 
ating on dc, the permanent magnet 
motor is available for use with input 
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A telephone call brings out the best in him 


The dictionary lists twenty-two definitions for the 
word service. For Tony Arobone there should be 
a twenty-third. 

In his ten years of sales engineering for K & M, 
Tony has evolved a very personal and particular 
notion of what service means. But we doubt if 
he could (or would) put it into words. He’s a 
doer, not a talker. 

His customers can tell you about it. Tony’s 
the guy you call when you need help. That 
includes help in working out valve specs, hound- 
‘ing the factory to ensure on-time delivery, super- 
vising installation and hook-up—even getting a 
replacement part for you in a hurry (his service 
doesn’t end with the ringing-up of the sale). 


Tony’s readiness to assist customers in any and 
every way isn’t simply a matter of knowing which 
side your bread is buttered on—although it is 
obviously good business. A former working engi- 
neer himself, Tony knows what it’s like to bear 
project responsibility, and a good bit of his desire 
to be helpful can be ascribed to honest identifica- 
tion with the man on the other side of the desk. 
He has been in your shoes, and he knows they 
sometimes pinch. 

Most K & M representatives are former prac- 
ticing engineers. When you sit down with them to 
talk over a valving job, you'll find they speak 
your language. 


Eighty-two Years of Service to the Process and Power Industries 
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A Transducer 
Two Years Ahead 


of its Time 


A completely new patented pressure 
Servonic’s new, low pressure L-96 
ometer-type unit withstands vibration 
than 1% error. Two separate sets of 
ends of a driving frame are utilized 
driving media while the second can 


sure reference, or vented to the 


Jeu oP RT AD ~ 


é 


sensor concept has been utilized in 
Transducer, This miniature potenti- 
levels in excess of 35 g’s with less 
aneroid capsules attached to opposite 
in the design. One set senses the 


be evacuated for an absolute pres- 


atmosphere for gage measurement. 


Pressure changes are transmitted through a unique, frictionless, metallic belt linkage 


system to position the wiper of the precision potentiometer. The fluid filled interior dampens 


vibration effect, provides long life and minimizes electrical noise. The unit is so insensitive 


to vibrations, extended dwells are allowed at any vibration frequency. Besides its excellent 


vibration characteristics, the L-96 has a temperature range of —65° to 275° F and a range 


of 0-15 to 0-350 psia or g. 


For additional information about the wide pressure ranges and mounting configurations avail- 


able in the L-96, write: 


SERVONIC 


INSTRUMENTS, 


INC. 


Manufacturers of pressure transducers, pressure switches, rectili near potentiometers and slip ring assemblies. 


1644 WHITTIER AVENUE, 
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NEW PRODUCTS 


voltages of 6, 12, 24, 28, 32, or 48 
volts. Double gear reduction results 
in output speeds of 10-100 rpm at a 
maximum torque of 50 oz-in. Unit 
weighs 9 oz and measures 2 in. in 
diam by 23 in. List price: $63.50.— 
Carter Motor Co., Chicago, II], 

Circle No. 343 on reply card 


FOR PRECISE PROGRAMMING 


This new series of electrohydraulic 
cylinders is designed to facilitate pre- 
cise programming and automatic repe- 
tition of variable speed and stroke 
length operations. An __ integrally 
mounted transducer develops a propor- 
tional electrical signal when a cylinder 
is led through a series of strokes. 
These signals can be recorded on 
accessory equipment as shown above. 
The transducer also provides a feed- 
back signal to monitor the repeated 
operations. The Series 80 cylinders 
can be mounted singly or com- 
pounded. A wide range of stroke 
lengths, bore sizes, rod ends, and 
mountings are available. Price: about 
$1,000.— Guerin Engineering, Inc., 
Ferndale, Mich. 

Circle No. 344 on reply card 


COMPONENT 
PARTS 


TINY LOGIC 


Tradenamed Pico-Bit, these versatile 
subminiature (0.88 cu in.) logic pack 
ages are designed to perform any of 
nine basic functions: AND, OR, in- 
hibit, branch, store, transfer, drive, 
binary count, and complement. The 
units maintain full performance and 
reliability from —55 to +125 deg C 
and under severe shock and vibration. 
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‘PROVED ULTRA-RELIABLE. 


VICTOR DIG 


T-MATIC. 


j—4 


160,000,000 digit impressions without failure 


Rugged, Trouble-Free— Digit-Matics are specially 
built to stand the strain of continuous operation. In 
a durability test, over 160 million digit impressions 
were made without breakdown or need of adjust- 
ment. The machine tested operated continuously, 
eight hours per day until 160 million digit impres- 
sions were made. During this period only normal 
lubrication and cleaning were performed. 


Parallel or Serial Entry — Automatic and un- 
attended, solenoid-activated Digit-Matics print out 
alpha-numeric data from remote equipment. High 
speed parallel entry models accept up to 10 digits at 
a time, print up to 4 lines per second. Serial entry 
models accept 1 digit at a time, up to 11 per line. 


VICTOR 


ELECTRONICS DIVISION 


Victor Adding Machine Co., Chicago 18, Illinois 
Victor Adding Machine Co., (Canada) Ltd., Galt, Ont. 


Manufacturers of Digit-Matic Printers, Scanning Printers, 
Electrical Keyboards, and Digit-Matic Data Punches 


1961 


Two-Color Printing — Positive values in black, 
negative values in red. Ideal for “‘accept-reject’”’ se- 
quences, testing applications, accumulating data from 
two sources on one Digit-Matic, and many other uses. 
Adaptable to Your Specific Needs — Line in- 
cludes listers, accumulators and calculators. Versa- 
tile units can handle degrees, minutes, seconds, 
fractions. Other modifications: superimposed key- 
board for manual use, time readings, counters, etc. 
Immediate Field Service — 70 factory service 
branches and service representatives in over 600 
cities assure uninterrupted operation. Victor offers 
30-day delivery on most Digit-Matics. Mail coupon 
now for product data and application information. 


Victor Adding Machine Co. 
Chicago 18, Ilincis 


Send full information on Victor Digit-Matics. 
My application is 

Name — 

Company 

Address 


—— eae ee een ee 4d 
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BLH announces new instrumentation policy. New 
instruments marketed by the world leader in 
strain and force measurement will now be 
designed and built entirely by instrument 
specialists in the modern BLH facility in 
Waltham, Mass. This policy will provide 
improved instruments with single-source 
responsibility and more favorable pricing. 


Digital strain indicator sets a new standard for 
ease of operation and readout. It features _ 
digital readout to eliminate interpolation from 
dials and meters, wider gage factor (1.50-4.50) 
and gage resistance range (60-2000 ohms), 
battery or ac operation, and accuracy within 
0.1% of reading or 5 microinches/inch. 


’ This portable unit is transistorized, weighs 


only 18 1lb., has a durable Formica case, 
and is low in cost. 


Switching and balancing unit, for use with any 
BLH strain indicator, permits readings to be 
taken on each of a group of gages. peeds up 
test work where time is an important factor 
because of ambient temperature variations, 
créep, inherent characteristics of the test 
material, or limited availability of test 
facilities. Units can be stacked to handle 


gages or ance configurations in multiples of 10. 


Simplified gage connection board. Special 
friction drive zero adjustments require 
no locking. 


Improved repeatability——better than 1 microinch/ 
inch for a half-million channel selector switch 
rotations. Long-life Formica case. 


Local availability through BLH sales engineering 
representatives in the U.S. and Canada. 

See the one nearest you or write direct 

for data sheets.- 


BALDWIN + LIMA + HAMILTON 7 
Electronics & Instrumentation Division 


SR.48 Strain Gages «1 


rey 
SER See nae 
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Operating frequency limit is 250 keps 
Prices range from $50 to $125.—Di-An 
Controls, Inc., Boston, Mass. 

Circle No. 345 on reply card 


NEEDS NO SUPPLY 


his improved design amplifier is 
made to operate directly from a 115 
vac, 400-cps line. It also features 8 
percent power efficiency, eliminating 
the need for a heat sink when operat 
ing in an environment of —55 to 
+ 125 deg C. 
Characteristics: 

Size: 1 x 1 x 3 in. 
Power output: 
Input impedance: 
Voltage gain: 150 
Maximum output voltage: 57 vac. 
Price: $150. 
—Magnetic Amplifier Div., The Siegler 
Corp., Bronx, N. Y. 

Circle No. 346 on reply card 


3.5 watts 
7,500 ohms 


ACCESSORIES 


ow 


COMPUTES CHART AREAS 


Rapid computation of the area under 
a strip chart curve is possible using a 
newly announced Series 200  inte- 
grator. The unit features high count 
rates and blip readout. Count ranges 
from one to 3,000 per min are avail- 
able. Integrator is said to be very 
stable: no zero drift or change in 
range takes place over a wide tempera- 
ture range. Accuracy is to within 
+0.1 percent full scale of the area 
under the curve. Peaks as sharp as 4 
sec duration can be integrated with- 
out lag error. Price: $585.—Dise In- 
struments, Inc., Santa Ana, Calif. 
Circle No. 347 on reply card 
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NEW DVM CONCEPT! 


FAST: Two readings per second ACCURATE: 0.01% accuracy LOW COST: Only $1,580 


In the above test of a satellite's telemetry and solar cells, it was necessary to make 100 accurate 
measurements every minute. The job was done with the new Cubic V-70 digital voltmeter that reads 
out four times as fast as any instrument with stepping switches. The V-70 uses ultra-reliable reed 
relays hermetically sealed in glass for a life expectancy of at least 10 years. It has no moving parts, 
requires no maintenance, will operate in any position, and is resist- — 

ant to thermal and physical shock. The V-70 is the only DVM offer- Cll b 1 C 
ing 0.01% accuracy and less than 1 second balance time for less CORPORATION 
than $2,000 (Model V-70, $1,580; Model V-71 with automatic |\)5 y STRIAL DIVISION 
ranging and polarity, $2,200). For details, write to Dept. CT-107. SAN D1EGO 11, CALIFORNIA 


OTHER OFFICES: LOS ANGELES, CALIFORNIA + ROME, ITALY (CUBIC EUROPA S.p.A) + REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES 
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A NEL E 


In data processing 
installations, where quality 
and volume of document 
production are critical, 
Anelex High Speed Printing 
Systems have consistently 


demonstrated unequalled 
speed and reliability. 


The National Defense Communications Control.Center, 
which was designed by Philco Corporation, includes 
three special Anelex High Speed Printing Systems. 





Further information available upon request 


AWNELEX CORPORATION 


154 Causeway Street, Boston 14, Massachusetts 
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WHAT’S NEW 


(Continued from page 38 


U.S. Projects Use 76 Percent 
of Electronics Manpower 


According to a survey recently re 
leased by the Electronic Industries 
Association, 76 percent of all U.S. en 
gineers and scientists engaged in elec 
tronics work are supported by govern 
ment funds. 

The EIA put the total number of 
electronics engineers and scientists at 
155,000. Industrial companies em 
ploy 83 percent of the total; 8 percent 
work for the government; 5 percent 
do research work for universities and 
nonprofit organizations. The rest are 
consultants, those between jobs, 01 
those whose work is not identifiable 
by area of electronic activity. 


News of Companies 
in the Control Field 


Westinghouse Electric Corp. has 
formed a new department to develop 
and produce molecular electronics 
functional blocks. The new group 
will be a part of Westinghouse’s Semi- 
conductor Dept. in Youngwood, Pa., 
and will be headed by Fred M. Hed 
dinger, former assistant general man- 
ager of the department. Dr. H. W 
Henkels was named engineering man 
ager of the new organization. 


Astro-Science Corp. has purchased 
the Ground Support Div. of American 
Electronics, Inc. The division will op- 
erate as Astro-Systems, Inc., a division 
of the Los Angeles company. The cash 
transaction involved over $1 million. 


Indiana General Corp., Valparaiso, 
was the successful bidder for the assets 
of the Eicor Div. of the Scranton 
Corp. The 23-year old Oglesby, II, 
firm manufactures special electrical 
motors and other rotary units, includ 
ing motors for cooling and torque ap 
plications in EDP equipment. 


Electrodynamic Instrument Corp. 
has been formed as a subsidiary by 
Reed Roller Bit Co. of Dallas, Tex 
The new company has been set up to 
design and install process control 
equipment for pipelines and _petro- 
chemical plants. 


Lionel Corp., has reached an agree- 
ment with Hathaway Instruments, 
Inc. for Lionel to acquire the multi- 
division company in a one-for-one 
stock exchange transaction. Hath- 
away’s Denver Div. makes measuring 
and testing equipment; its Clemco 
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FOR THE ENGINEER 


who can’t sleep nights 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reMability, 
and seldom needs maintenance. For this 








reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


AE relays and stepping switches are custom- 
made to your specifications ~ and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of GENERAL 
GENERAL TELEPHONE & ELECTRONICS \63%® 
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| WHAT’‘’S NEW 


Aero Products Co., Inc. makes hy- 
draulic and pneumatic actuators and 
controls; Sterling Electric Motors, 
Inc. produces motors and _ variable 
speed drives; Induction Heating Corp. 
specializes in heat treating equipment; 
and Dale Electronics, Inc. manufac- 
tures resistors and potentiometers. 


Tescom Corp., of Minneapolis, 
Minn., has formed a new Fluid Sys- 
tems Div. The division will design 
and produce systems and controls for 
regulation of high pressures. Tescom 
also recently became the parent corpo- 

ration of Smith Welding Corp. 

Slurries, still bottoms, tall-oil resins? No trouble at all! The 

; Control Logic, Inc. has been formed 
Brooks MagPnuTraX* is a thru-flow rotameter-transmitter,. in Natick, Mass., to specialize in 
design and manufacture of data 
It has no elbows, pockets, or turns. Just a straight, clean, handling and control products and ap- 
plication services. President of the 
‘ ‘ new firm is Samuel Bass; he and vrce- 
smoothly tapered metering tube and a float. « The presidents D. E. Deuitch and B. E. 


MagPnuTrax is available as either a pneumatic or an electric | Peck were formerly with Epsco, Inc. 


transmitter. Both are compatible with most receivers and | . it coe aed oe 
controllers. It is also available as a dual-function instrument: feet a eessa tet Mert and 
you can have it with an independent alarm or integrator unit, | “styms:_ Emphasis will be given, to 
in addition to the indicator/transmitter. These dual-function ee ee ee ee 


: eral Dynamics/Electronics. 
meters are assembled in a neat ‘‘double-header’’ package | 

Bowmar Instrument Corp., Ft. 
Wayne, Ind., has entered into merger 
negotiations with Technology Instru- 


¢ Bulletins DS-361, 170 and 175 will give you detailed infor- | ment Corp. of Acton, Mass. Bowmar 


would be the surviving corporation. 


that can be installed as easily as a simple section of pipe. 





mation. A word from :Mf— >| BROOKS INSTRUMENT CO., INC. 


Dashew Business Machines, Inc. of 
5208 W. VINE STREET © HATFIELD, PA. 


Los Angeles has acquired Automated 
Sensory Devices, producer of punched 
card, paper a and edge punched 
card readers. e firm will now be 
known as Electronic Datacoupler, Inc. 
and will be operated as a wholly owned 
subsidiary of Dashew. 








you will bring them. 





™ 


Instrument Systems Corp. has ac- 
quired GRH Halltest Corp. of Val- 
paraiso, Ind., a manufacturer of a wide 
line of magnetic testing instruments 
based on Hall effect generators. Oper- 
ations of Halltest have been moved to 
Instrument Systems’ College Point, 
N. Y., facilities. 





General Electric Co. has set up a 
nuclear control engineering unit 
within its Industry Control Dept. in 
Salem, Va. The group will design nu- 
clear reactor control gear, especially 
*TRADENAME OF BROOKS INSTRUMENT COMPANY, INC, for Navy propulsion reactors. 
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This Kinetics electronic commutator 
samples inputs more reliably, at higher speeds 


For sampling a large number of 
inputs for automatic control or meas- 
urement systems, the Kinetics elec- 
tronic commutator will do the job 
better than a rotary commutator, a 
rack of mercury-wetted relays, or 
other methods. The Kinetics static 
commutator offers advantages in reli- 
ability, speed, low noise, size, weight, 
power consumption and life. 

These Kinetics signal transfer 
devices can be built to handle from 
.5 to 30 samples per channel per sec- 
ond or greater and are available with 
from 1 to over 200 channels. They 
are entirely solid-state, having no 
moving parts, and are built with 
rugged silicon semi-conductors which 
have been conservatively de-rated so 
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as to operate weil within manufactur- 
er’s specified limits. This insures long 
life and reliability. They can handle 
up to 20 volts full scale in currents 
from 10 to 50 microamperes. They 
are also capable of low level commu- 
tation such as use with strain gauges 
or other similar instrumentation 
applications. 

The unique Kinetics design mini- 
mizes internal error voltage, thus 
insuring high fidelity signal transfer. 
Forecast life is in excess of 10,000 
hours continuous operation. 

Write for more information on this 
electronic commutator. Send your 
inquiry to Kinetics Corp., Dept. KC-8, 
410 South Cedros Ave., Solana Beach, 
Calif. SKyline 5-1181. 


Staff Positions: 


ELECTROMECHANICAL 
PROJECT ENGINEERS 


Our rapid growth has made staff 
positions available in R & D on 
electromechanical products. Com- 
plete responsibility from original 
design concept through produc- 
tion. MS or BS degree preferred. 
All qualified applicants will receive 
consideration for employment 
without regard to race, creed, 
color or national origin. 
Inquiries should be sent to War- 
ren L. Smith, Staff Employment. 


rT 4 


ELECTRONICS * ELECTROMECHANICS 


nem enes enanen cameraman cman amemand 


KINETICS 


CORPORATION 
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PLOT YOUR 
PROGRAM 


TRACK IT WITH A 
MOSELEY 

F-2 

OPTICAL LINE 
FOLLOWER 


Through regeneration of previously 
recorded electrical data, the Moseley 
F-2 Line Follower can be used for 
graphic data analysis, process or ma- 
chine program control, function gen- 
erating and other lab and industrial 
applications. 

The F-2 optically follows any black 
line, including pencil traces, tracks 
curve slopes up to 80° at paper 
speeds up to 15 in./min., includes 
built-in relays for external circuit 
control. It is available, factory in- 
stalled on an 80A or 2D Recorder, for 
$750.00. 


Extremely flexible in operation, pro- 
grams are prepared quickly and can 
be changed easily—simply by draw- 
ing another line. The F-2 offers large 
programming capacity, with use of 
roll charts up to 120 feet in length. 
Permanent records are made imme- 
diately, may be stored indefinitely. 
The Autograf 2D Recorder and F-2 
Line Follower are combined in the 
Moseley 2D-5 Transport Delay Simu- 
lator, which records in analog form 
a function representing a process 
control or experimental operation 
and then reproduces that process af- 
ter a selected delay time. Readout 
delay is adjustable from 4 seconds 
to 7 minutes, 


Moseley Application Note AN 102 
discusses “Program Controllers”, in- 
cluding use of the F-2 with Model 
80A and Model 2D-5. 

Write or call today for the applica- 
tion note and for complete specifica- 
tions on the Line Followers, compat- 
ible Autograf Recorders and the 
Transport Delay Simulator. 


F.L. MOSELEY CO. 


Dept. H-8, 409 N. Fair Oaks Ave., Pasadena, Calif. 
Milrray 1-0208; Area Code 21 

TWX PASA CAL 7687, Cable MOCOPAS 

Field representatives in all principal areas. 
Data subject to change without notice. Prices 
f.0.b. Pasadena. Pioneer and leader in X-Y 
and Strip Chart Recorders. 7297 








IMPORTANT MOVES BY KEY PEOPLE 


Dr. Smith, Others Named in 
Honeywell EDP Reorganization 


Dr. Emest J. 
Smith (photo) 
has been named 
a vice-president 
of the Electronic 
Data Processing 
Div. of Minne- 
apolis- Honeywell 
Regulator Co. He 
will be responsi- 
ble for future research and develop- 
ment programs and scientific liaison 
with other Honeywell divisions. Dr. 
Smith had been director of the divi- 
sion’s engineering department. 

Honeywell named John W. Ander- 
son to succeed Dr. Smith. Anderson 
had been manager of the company’s in- 
ertial guidance plant in St. Petersburg, 
Fila. 

Also named as vice-president for 
Honeywell EDP was John R. Lenox, 
formerly operations department di- 
rector. ell be responsible for 
manufacturing, industrial relations, 
plants and property, procurement, 
field service, systems test, and inter- 
divisional manufacturing liaison. To 
succeed Lenox, Honeywell announced 
Frederick G. Miller as new manu- 
facturing head. 

Richard H. Bloch was appointed 
director of product planning, and Dr. 
Richard F. Clippinger was named 
technical advisor with responsibility 
for automatic programming. 

The assignment of liaison responsi- 
bility, according to division president 
Walter W. Finke, underlines the im- 
portance of advance evaluation of in- 
dustry trends in the determination 
of future products. 


Bechard Leaves TRW to be 
IS! Engineering Director 


Henry L. Bech- 
ard, formerly as- 
sistant to the gen- 
eral manager of 
TRW Computers 
Co., division of 
Thompson Ramo 
Wooldridge Prod- 
ucts Co., has 
joined Informa- 
tion Systems, Inc. as director of engi- 
neering for the Systems Div. The Los 
Angeles company is a subsidiary of 
Chance Vought, Inc. 

Bechard will direct ISI’s engineer- 
ing of large and medium sized com- 
puter systems for industrial process 
control. He'll also be responsible for 
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the company’s line of 
products. 

At TRW, Bechard was involved in 
advance planning of computer sys- 
tems. He was also with Davstrom 
Systems Div, as engineering director. 


computer 


Other Important Moves 


Paul J. Colleran has joined Inter- 
national Rectifier Corp., El] Segundo, 
Calif., as vice-president for engineer- 
ing. Colleran was with GE for the 
past 10 years and had been manager of 
advanced semiconductor engineering 
at the GE facility in Collingsdale, Pa., 
since 1952. 


Wilson S. Pritchett has joined 
Hallikainen Instruments, Berkeley, 
Calif., as chief electrical engineer for 
instrument development and design. 
For the past four years Pritchett has 
been chief engineer of Knopp, Inc. 
Previously he was associate professor 
of electrical engineering at the Uni- 
versity of California at Berkeley. 


Seymour Harrison and Norman 
Milkman have joined Trak Electronics 
Co., Wilton, Conn., to form a new 
Data Processing Engineering Dept. 
Among the products to be investi- 
gated will be data display units. Har- 
rison, engineering manager of the 
new unit, was manager of special sys- 
tems engineering for Budd Electron- 
ics, Inc., subsidiary of the Budd Co. 
Milkman was with Budd Electronics 
as a senior project engineer for data 
processing equipment. 


C. B. Blatchley has been appointed 
chief engineer of Schutte and Koert- 
ing Co., Cornwall Heights, Pa. He 
has been with S&K for 25 years. 


Edgar G. Grant is now director of 
new product planning for the Mili- 
tary Electronics Div. of Daystrom, 
Inc. in Archbald, Pa. Grant has been 
with the division for nine years. 


Edward A. Hebditch has become 
executive assistant to the president of 
Gulton Industries, Inc. He'll be in 
charge of corporate planning for the 
Metuchen, N.J., company. Hebditch 
was with Arthur D. Little, Inc. 


Dr. Sumner P. Wolsky will be di- 
rector of the new laboratory of physi- 
cal science to be established by P. R. 
Mallory & Co., Inc. in the Boston, 
Mass., area. The laboratory will 
specialize in thin films and semicon- 
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V7035A 
3-Way Servo Valve 
Maximum flow: 6 
GPM. Proof pres- 
sure: 3000 Psi. 


V7037B8 

4-Way Servo Valve 
Available in ranges 
from 50 cu. in/min. 
max. to 4 gals. /min. 
max. at 1000 Psi. 
Proof pressure: 3000 
Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


V7041A 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 
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Made only 
for industrial 
servo valve needs! 






RUGGED 
HONEYWELL 
QUALITY 


@ HEAVY DUTY CONSTRUCTION 
@ BUILT-IN FEED-BACK SYSTEM 


Honeywell offers you a complete line of electro-hydraulic servo 
valves designed to meet any industrial application, built to with- 
stand all industrial environments. 

Honeywell Servo Valves feature integral LVDT electrical feed- 
back to give you the widest electronic “spring-rate’’ selection 
available. Their new rate action assures greater inner-loop sta- 
bility. They have a low hysteresis, low threshold, high speed of 
response and almost infinite resolution. They are torque motor 
actuated and can be mounted in any position. And, they have 
only one moving part so that maintenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
dependable, efficient control of machines and processes. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dept. CE 8-72 
Minneapolis 8, Minnesota. Sales and service offices in all principal 
cities of the world. 


Honeywell 
[HM Fout Control 


Since 16866 
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WHAT’S NEW 


ductors. Dr. Wolsky had been with 
the Research Div. of Raytheon Co 


Robert L. Sink has taken the post 
of manager of engineering for th« 
Military Electronic Computer Div. of 
Burroughs Corp. in Detroit. Sink has 
been with Consolidated Electrody- 
namics Corp. for the past 15 years 


Dale N. Woodford has becom« 
chief control engineer for the Spartan 
Electronics Div. of Spartan Corp. H« 
will direct the Jackson, Mich., firm’s 
activities in supervisory control. 


Robert F. McCormick, of the Auto 
matic Switch Co., has been elected 
president of the Fluid Controls Insti 
tute. Other officers elected at the 
institute’s spring meeting in Sea 
Island, Ga., were Eric A. Bianchi, 
Mason-Neilan Div., Worthington 
Corp., first vice-president; Paul K 
Rogers, Jr., Skinner Precision Indus 
tries, Inc., treasurer; and Howard J 
MacDonald, Minneapolis-Honeywell 
Regulator Co., corporate secretary. 


Rufus Oldenburger, professor of 


Pe eailie iere ital meoimneerine 4 a : 
. wr Ludlow.research and engineering design will go to work iY mechanical engineering at Purduc 


University, has been given the 1960 


IN Sa for you to create to your precise specifications the exact- annual award of the Automatic Con 

ing, ultra-sensitive recording papers required to produce trol Div. of the American Society of 
Se ultimate performance from a fine instrument... records _ Mechanical Engineers. Prof. Olden 
~. free of failures or inaccuracies. Write Dept. CE-41 for burger was cited for his solution of 
. literature and samples... include, your _fequirements or 3 control problems using mathematics 
eS 2 and mathematical shortcuts, for the 
ae as 255 Ss. —~ 


ee 5 


eer gral - successful planning and completion of 
: the Frequency Response Symposium, 
and for his part in developing the In 
ternational Federation of Automatic 
Control and the American Automatic 
Control Council. 


. 


~ te 


James M. Cunnien is now director 
of engineering for Minneapolis- 
Honeywell Regulator Co.’s Precision 
Meter Div. in Manchester, N.H. 
Cunnien has been a project engineer 
there since 1959. 


Clifford H. Shumaker, chairman of 
the Dept. of Industrial Engineering at 
Souther Methodist University, has 
been nominated president of the 
American Society of Mechanical En 
gineers. He'll take office next June 
following a mail ballot of members. 


August Esenwein, who recently r 
signed as executive vice-president of 
Convair, has been elected president of 
Aerospace Industries Association. He 
replaces Gen. Orval R. Cook, who 
plans to resign at the end of this vear. 
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Using the revolutionary PMI printed 
motor, Photocircuits’ line of Photoelectric 
Paper Tape Readers eliminates brakes, 
clutches, pinch rollers, solenoids — and 
trouble. Result: reliability that conven- 
tional readers can’t match! Plus quieter 
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Photocircuits’ 
exciting new 
tape reader 
(lesion 
throws out the 
transmission... 


operation, reduced tape wear, rapid 
reading and sustained trouble-free, 
error-free performance with mainten- 
ance at a minimum. 

Photocircuits’ readers offer you, at no 
additional cost—easy loading, jam-free 
operation over splices—tight tape and 
no tape protection—bi-directional read- 
ing—fast rewind in both directions— 
asynchronous reading at up to 300 char- 
acters per second—free running at 400 
characters per second with the ability 
to stop on a character — and magnetic 
switching, which eliminates metal-to- 


metal contact in electrical switching of 
the reel servo motors. 

Technical literature on the 300 R and 
the other Photocircuits’ readers is yours 
for the asking. Get all the facts about 
how Photocircuits’ advanced Tape 
Readers can perform for you and save 
your company money at the same time. 


Phofoene on 


R P » & ¥ 2 eee we 
TAPE READER DIVISION 
GLEN COVE, LONG ISLAND, NEW YORK 
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new, low cost magnetic memory... 
25,000 bit capacity...5%4" x 534" x 5°...5 pounds 


7 4 


The BD-10 Series is the 
latest addition to LFE’s 
expanding line of Ber- 
noulli Disk Memory Sys- 
tems. It has been designed 
to fill the need for a low 
capacity, low cost stor- 
age device. It is available 
in single units for laboratory use, or in high vol- 
ume production for use with all digital computers 
utilizing magnetic storage media. 


A flexible Mylar magnetic disk, headplate, read/ 
write heads and a precision motor are the basic 
components. Positive-separation between disk and 
headplate is maintained by centrifugal force and 
the Bernoulli principle of fluid motion. The unit’s 
low mass plus a cushion of air make damage to 
disk or read/write heads virtually impossible . . . 
even under the most severe environmental condi- 
tions. Write Marketing Manager, Computer Prod- 
ucts Division, for prices and complete data, 


COMPUTER PRODUCTS 
DIVISION 
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SPECIFICATIONS BD-10 SERIES 





Storage Capacity (max.) Bits 25,006 





Disk Diameter (max.) Inches sae 





Bits per Track (max.) @ 114" radius 2,300 








Bit Rate — kc 





Track Layout As Required 
Typical: ' 
Total Tracks: 
Data Storage Tracks 
Spare Tracks 
Clock and Timing Tracks 
Register Tracks 
Number of Registers 
Register Length — Bits (minimum @ 2,300 B/T) 
Register Adjustment — Bits 


























Disk Speed — RPM 
Induction or Synchronous Motors Available 





Power Source — cps : : 400 





Ma ic Heads (Compatible with solid state circuits) 
tandard Heads 
Inductance (Per Leg. —C.T. Coil) uh 40, 55, 90 


Write Current (0/P Manchester) ma (nominal) 125 











Read Out (Min. P/P Full Coil) — mv (nominal). ~ 20 
Size — Inches * oka pec 5% x5%x5 











Weight Pounds. —s_—_. - eS 





See a demonstration at WESCON. August 22-25. 


*Wide variety of specifications can be provided to meet customer’s requirements. 


LABORATORY FOR ELECTRONICS, INC. 


1079 COMMONWEALTH AVE. « 


BOSTON 15, MASSACHUSETTS 


Booths 2408-2410. 
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COMING 
NEXT MONTH 


September CONTROL ENGINEER- 
ING devotes its pages to an 
in-depth treatment of a timely 
subject—SOLID STATE IN CON- 
TROL—written and edited spe- 
cifically from the control engi- 
neer’s viewpoint: 


Solid State Phenomena 
Describes in engineering terms how 
basic solid state phenomena work 
and where they can be used in the 
control loop. 


Measurement 

Piezoelectricity, piezoresistivity, 
Hall effect, and photoconductivity 
can measure such variables as 
strain, power, and radiant energy. 


Data Transmission 
For ultra wide-band data trans- 
mission, lasers hold promise. 


Decision and Storage 

Newer solid state devices simplify 
logic and memory circuits for con- 
trol. Cryotronics may be competi- 
tive soon. 


Power Control 

This 13-page section covers power 
transistors and silicon controlled 
rectifiers as on-off and continuous 
output elements, temperature con- 
trol with thermoelectrics, and solid 
state power supplies. 


Display 
A report on electroluminescent dis- 
play describes available devices. 


Molecular electronics 
Technology focuses on converting a 
piece of semiconductor into a func- 
tional electronic block. 


——_—> 


Get YOUR own 


personal copy each month. 


Complete and mail 


this card TODAY! 
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if Mailed in the 
United States 
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Here’s a really miniature stainless steel solenoid valve 
with all the features of a larger valve 
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e Now designers of pneumatic and hy- 

draulic control systems and devices re- 

feeererens quiring high flow in smaller packages 

ACTUAL SIZE can specify miniature solenoid valves 
from shelf stock. 














These new B Series valves are so small 
and so new that %” NPT was too 
large, therefore \,” PTF connections 
were selected. Fittings are included to 
make fluid connections with %” tubing. 


Never before have there been valves 
like this—really miniature in over-all 
size, pipe size, and weight. 


B SERIES FEATURES 


No leakage—Soft, synthetic inserts 
provide bubbletight sealing. Seats have 
smooth rounded edges—no cutting of 
insert material. 


Mounting by means of two tapped mount- 
ing holes (8-32) in valve body. Can be 
mounted in any position. 


Voltage—Coils available in most AC and 
DC voltages. Heat rise meets U.L. stand- 
ard of 85°C maximum for continuous 
duty. Maximum power requirement— 
7 watts. 


Electrical housings are available with 
single grommet or 4 ” NPT conduit which 
can be rotated 360°. 


Skinner Distributors are now stocking the first of these 
new valves—the three-way normally closed. Three-way 
normally open and directional control, two-way normally 
open and normally closed, and higher pressure models Media—B Series valves may be used 
will be on the market soon. with all common media including many 


semi-corrosive fluids. 
For complete information contact a Skinner Distribu- 


tor listed in the Yellow Pages or write us at the address Corrosion-resistant—Stainless steel body 
and internal parts. 


SKINNER Vaives 


SKINNER ELECTRIC VALVE DIVISION 
THE CREST OF QUALITY SKINNER PRECISION INDUSTRIES, INC. » NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A 





CATALOGS AND 
BULLETINS 


The first three items in this section are 
examples of especially useful applications 
literature. Direct request is required for 
the first, and a charge is made, 


Tunnel diodes 


Following the pattern set by its widely 
used Transistor Manual, this manufacturer 
has now published a 96-page Tunnel Diode 
Manual. Theory and characteristics of tun 
nel diodes are described in detail, and 
circuit application information covering 
amplifiers, oscillators, switches, and logic 
circuits is included. Test circuits are 
treated extensively. Complete specifica 
tions are given for available units. Price: 
$1.—General Electric Co., Semiconductor 
Products Dept., Liverpool, N.Y. 


Electromechanical units 


This thumb-indexed publication was de- 
signed as a handbook to assist in selecting 
and applying clutches, brakes, torque in 
dicators, torque standards, and multispeed 
transmissions. It covers a standard line, a 
pancake series, industrial miniature com 
ponents, and special products. The above 
four sections are color-keyed, and particular 
omponents are tab-indexed in this 60-page 
Manual No. 361 Data sheets list specih 
cations and dimensions and include phot 
graphs and performance curves. A 16-pag« 
section on engineering and application 
formation describes the operation of the 
devices.—Autotronics, Inc. Circle No. 400. 


Nuclear measurement 


More than 250 instruments, counting sys 
tems, radionuclides, and nuclear acces 
sories are described in this easy-to-read 
two-color catalog. Almost half of the 96- 
page publication is devoted to products 
that are new since the company’s latest 
catalog was issued two years ago. Pro 
fusely illustrated, Catalog S gives complete 
specifications for all equipment; full de- 
scriptions of each instrument in use are 
also included.—Nuclear-Chicago Corp. 
Circle No. 491. 


PLANAR SEMICONDUCTOR. Fair- 
child Semiconductor Corp. Brochure, 12 
pp. Full color presentation is used to 
great advantage to describe in detail the 
planar semiconductor process in which 
semiconductor devices are given a surface 
junction protective oxide. Large magni- 
fication color photographs with accom- 
panying color drawings show how the 
structure is evolved. Reliability, perform 
ance, cost, and adaptibility of the planar 
devices are covered, and performance com- 
parison of planar and mesa units is given. 
Circle No. 402. 


CORROSIVE-MEDIUM VALVES. Val 
cor Engineering Corp. Catalog Manual 
No. 108, 16 pp. Provides a handy means 
of selecting solenoid valves for corrosive 
applications. First page gives cutaway draw- 
ings and description of the valve series. A 
list of chemicals gives a key number—in 
color—for choosing the proper valve. Valve 
selection charts are keyed with the color 
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ANOTHER EXAMPLE 
OF HOW KEARFOTT 
ASSURES 


CONTINUOUS, 
UNVARYINS POWER 

FOR CONTROL EQUIPMENT 
AND INSTRUMENTATION 


The heavy inosee which can occur when power interruptions or fluctua- 
tions affect the Control. uipment a rumentation in manufac- 
turing processes, are ely ed by Kearfott Uninterrupted 
Power aaa es, n described below, used in an ammonia plant, 


in the installation pictured, the 
rating of the AC generator is 
12 KW, .8 power factor, 1 phase 
60 cycle, 460 volt. 


Pate use, all with a Pacted record for reliability. 


‘a DC motor dris n AC generator, the out- 
ame e as, ‘the normal available power. Meanwhile, 


Dru on the batteries, and the AC generator continues to 

meet the vital power load requirement. Controls and instrumentation 
le without interruption, Voitage and frequency are regulated 

1 +1% of rated ‘values, regardless of variations in normal 

power supply input. 


Kearfott’s compact cuca power equipment combinations are 
also available in 2 and 3 unit systems operating in parallel with or 
isolated from the line. Provisions may be had for audible and/or visual 
alatms toindicateover- and under: voltage, overload or ground conditions. 


~ 


Ks Generator ratings to 150 KVA 60 and 400 cycles, single and polyphase. 


mete Laie sgpaaitinanier Reh bythe application. 


Write for complete data 


KEARFOTT DIVISION 


GENERAL PRECISION. INC. 





Little Falls, New Jersey 
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High-quality, long-life 
Barber-Colman geared motors 
give you high torque, 

positive starting... wide 
selection to fit your needs 


BARBER 
COLMAN 


QUIET RUNNING 

PRECISION-HOBBED GEARS 

HIGH STARTING TORQUE 

WIDE RANGE OF GEAR RATIOS 
LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
QUALITY GUARANTEED 


a-c small motors 


For longest life per dollar invested, put | 
Barber-Colman geared motors into your | 


product. Open and enclosed types... 


unidirectional, reversible, or synchronous. | 
Highest quality construction ... gears | 


are accurately hobbed in our own plant 


on our own precision Barber-Colman | 
hobbing machines, Motors are shaded | 
pole type with torques up to 300 lb-in. | 
and speed ranges from 1/6 revolutions | 


per hour upto 1500 rpm. All are built 
for long, trouble-free service to help 


eliminate costly maintenance of your | 
product. Yet cost per motor is sur- | 


prisingly low. 
THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 


includes unidirectional, s' us, and reversible 
types . . . with or without reduction gearing . . . 
open or enclosed. Stator and rotor sets also avail- 
able. Write for quick reference file, 


BARBER-COLMAN COMPANY 


Dept. T, 1248 Rock St., Rockford, Illinois 
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Bulletins & Catalogs 


number for easy selection and include 
prices, material description, and other data 
Dimension drawings and a flow vs pressure 
drop chart are included. Circle No. 403. 
DATA SYSTEMS. Systems Div., Beck- 
man Instruments, Inc. Bulletin 3017-B, 8 
pp. T'wo-color block diagrams and photo- 
graphs are used to describe the manufac- 
turer's Model 210 data acquisition and 
processing system. Text describes how a 
typical system works and outlines the main 
features of the equipment. Complete tech- 
nical specifications are included, and short 
histories of four — applications are 
given. Circle No. 404. 

UNIVERSAL TESTER. Radiation, Inc. 
Bulletin RAD G100, 8 pp. Covers the 
Model 301 universal automatic test equip- 
ment designed for total system checkout 
and adaptable electronic system trouble- 
shooting. Block diagram and accompany- 
ing description gives configuration and 
operation of a typical 301 system. Photo- 
graphs and short descriptions cover the 
elements of a test setup. Circle No. 405, 
MINIATURE PUSHBUTTONS. Gen- 
eral Electric Co. Bulletin GEA-7127A, 12 
pp. This revised booklet covers the com- 
pany’s recently introduced line of minia- 
ture oil-tight pushbuttons, including 
several new forms. Full color photographs 
show color combinations and the added 
flexibility now available. Space savings over 
standard size switches are demonstrated, 
and cutaway drawings show construction 
features. Other photos show each type of 
operator, and accompanying tables and 
contact drawings cover versions available. 
Complete dimension drawings are in- 
cluded. Circle No. 406. 

TOROIDAL CORE DESIGN. Wallace 
E. Connolly & Co. Design handbook, 
14 pp. Contains basic design information 
on Genalex toroidal cores. Two-color 
curves of total core loss resistance vs fre- 
quency, hysteresis, incremental perme- 
ability, change of inductance with flux 
density, and O vs frequency are featured. 
Tables list available Genalex cores and 
American Metal Powder Association stand- 
ard types. Circle No. 407. 

FLOATED GYROS. Kearfott Div., Gen- 
eral Precision, Inc. Brochure, 8 pp. De- 
scribes KING series of inertial navigation 
gyros, said to be the most accurate of 
their size and weieht now available. 
Photographs, dimension drawings, and 
wiring diagrams of the floated rate in- 
tegrating gyros are included. Complete 
description is given of a three-position 
servo test and a six-position rate test in- 
cluding charts of typical test results. 
Characteristics of the four gyros in the 
series are given in a table. Circle No. 408. 
RELIABILITY SAMPLING. Raytheon 
Co., Semiconductor Div. Nomograph. 
Quick computation of the acceptance 
number for any semiconductor sampling 
plan is possible with this reliability nomo- 
graph. Semiconductor user can predict 
the success rate from live test data at a 
90-percent confidence level and can com- 
pute a sampling plan for conventional 
risks, Scales and tables with complete in- 
structions are on heavy card stock. A 
glossary of reliability terms is also included. 
Circle No, 409. 
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REMOTE HANDLERS. General Mills, 
Inc. Booklet, 24 pp. Two-color publica- 
tion uses photographs, sketches, and line 
drawings to describe applications of a line 
of remotely controlled mechanical arms. 
Detailed specifications and capacities of 
six standard models now available are in- 
cluded. Circle No. 410. 

CHART CHANGER. Barton Instrument 
Corp. Bulletin 266-1, 4 pp. Uses sequen- 
tial photographs to describe operation of 
automatic circular chart changer. Con- 
struction features, installation techniques, 
and ordering instructions are included. 
Circle No. 411. 

PNEUMATIC SAFETY CONTROL. 
Fulton Sylphon Div., Robertshaw-Fulton 
Controls Co, Catalog J, 50 pp. Gives 
complete information on an all-pneumatic 
engine safety control system, including 
descriptions of a number of complete sys- 
tems. These systems involve shutdown 
or warning based on off-limit conditions in 
temperature, pressure, level, speed, or vi- 
bration. System components such as relays, 
indicators, and receivers are described fully. 
Circle No. 412. 

FLOW SWITCHES. The Henry G. 
Dietz Co., Inc. Catalog, 30 pp. Gives 
specifications, performance details, and 
prices on low pressure and fluid actuated 
flow switches. Photographs and dimen- 
sion drawings are included for each unit. 
Circle No. 413. 

THERMOCOUPLE MATERIALS 
Temptron, Inc. Brochure, 10 pp. Covers 
line of metallic sheathed ceramic insul- 
ated thermocouple wire. Complete de- 
scriptions of the insulation and wire are 


given, including chemical composition of 
the insulation and reproducibility stand- 
ards of the wire. Complete ordering in- 
formation and tables of available types 
are included, and company facilities are 
described to demonstrate calibration and 
standardization. Circle No. 414. 


PHOSPHOR, PHOTOCATHODE 
CHARACTERISTICS ITT Federal 
Laboratories. Slide chart. Designed for 
engineers who work with cathode ray 
tubes, storage tubes, displays or photo- 
tubes, this slide chart provides a handy 
reference to the pertinent characteristics 
of 23 different phosphors and 14 of the 
most common cathode materials Much 
of the material is said to be unavailable 
elsewhere. Circle No. 415. 

LASER FLASH TUBES. General Elec- 
tric Co., Photo Lamps Dept. Booklet, 4 
pp. Describes how standard photographic 
flash tubes may be used for driving lasers, 
at least until more efficient special devices 
are developed. Typical setups involving 
the use of several standard flash tubes are 
described, and circuit diagram is included. 
Circle No. 416. 

INSTRUMENTS CATALOG. Dymec 
Div., Hewlett-Packard Co. Catalog, 16 
pp. Technical information on products 
in three major areas are included in this 
two-color illustrated catalog. One section 
covers programmable digital systems for 
data handling, component testing, and 
automatic measurement and control. A 
second covers RF checkout equipment for 
production and field testing. The third 
includes special purpose test and measurte- 
ment equipment. Compiete specifications 
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Kearfott’s A9548-01 Acceleration Switch is des 

as an acceleration sensing switch for low mille 

closes a circuit when a given acceleration is” pplied.. Gas 
damping provides the proper time delay or integrati¢ before 
switch closure. No heaters are required and there is no arm-up 
time because the gas damping is virtually independent of 
temperature. 

This cylindrical unit is mounted by means of three tapped holes 
in the base (at one end of the cylinder), and an electrical 
connector is mounted on the side near the base. Hermetically 
sealed, the unit meets the shock, vibration, temperature, and 
other environmental requirements of MIL-E-5272C. . 

A heavy metal mass, supported by two flat springs, moves to 
close gold alloy contacts when acceleration is applied. Gas 
damping is accomplished by means of a graphite piston moving 
in the sensing mass. Normally mounted level, the acceleration 
switch responds to gravity and can therefore be used as a 
tilt switch, since its threshold value is equivalent to a tilt 
angle of 842 degrees. 

Damping, springs, mass, or material can be varied to meet 
the user’s requirement in the 0.1 to 5¢ range, thus making 
it readily. pgpptabie to other pplication, othe 


¢ 
The 
Sy aia * fetes i. 
eh eee: 


pine 


Threshold: 0.150 g+-25% (contacts remain open) 

Insulation Resistance: 50 megohms min. (500 volts D.C) 
SPECIFICATIONS Contact Rating: 0.1 amp non-inductive 

Dimensions: %," diam. x 2.225” high 


Write for complete data 
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LONG LINES NEED STRONG SIGNALS | 


ANOTHER FINE PRODUCT OF FAIRCHILD RESEARCH 


158 


THE 38-C SILIGON 
SEMIGONDUGTOR 


STRAIN-GAGE 


PRESSURE TRANSDUCER 


Has a Signal Output of 5 v. d.c. 
For remote pressure measurement via 
long lines—under water or above ground 
—you need a transducer that delivers a 
high-output signal without additional am- 
plification. The only answer is the new 
Fairchild 3S-G. It has a 5 v. d.c. output. 
And it uses semiconductor materials with 
piezoresistive characteristics as a sens- 
ing element. 


Extraordinarily accurate (+ .003% /de- 
gree F error band is not uncommon) in the 
roughest environment, the tough 3S-G has 
infinite resolution, self-contained calibra- 
tion, temperature compensation, and 
unexcelled repeatability. It is also avail- 
able with low output (5mv. to 5 v. d.c.), 
low-pressure gage and absolute (0-10 to 
0-100 p.s.i.), high-pressure gage and abso- 
lute (0-100 to 0-10,000 p.s.i.), and high- 
line low-differential (+10 to +10,000 
p.s.i.d.). All versions operate from —65° 
to 250°F in practically all gaseous and 
liquid media, including liquid oxygen, 
strong alkalies, corrosive acids, and high- 
energy fuels. All are designed to replace 
strain-gage pressure transducers now 
being used by industry and the military. 


For more information about the 3S-G sili- 
con-semiconductor strain-gage pressure 
transducer, write Dept. 50 CE. 


STEEL 


wide application in 
contro! systems for 
defense & industry 


AIRCHILD 


RPORATIO 


a Subsidiary of Fairchild Camera & Instrument Corporation 


225 PARK AVE., HICKSVILLE, L.1., NEW YORK 
6111 E. WASHINGTON BLVD., LOS ANGELES, CAL. 
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including prices are given for each equip- 
ment item. Circle No. 417. 

VALVE SIZER. Fulton Sylphon Div., 
Robertshaw-Fulton Controls Co. Slide 
tule. Simplification in the job of sizing 
control valves for known flow and pres- 
sure conditions is possible using this new 
slide rule. The rule solves for C, and 
corrects for steam quality, gas specific 
gravity and temperature, and liquid specific 
gravity and viscosity. Standard A, B, C, 
and D slide rule scales are also provided. 
Step-by-step instructions are included. 
Circle No. 418. 


DIGITAL MEASUREMENT. Computer 
Measurements Co. Data file, 10 pp. De- 
scribes an all-purpose digital measuring 
system built around a universal counter- 
timer. Called the DME (Digitally Meas- 
ures Everything), the system measures dc 
volts, ac volts, resistance, frequencies, 
period, frequency ratio, and time interval. 
Booklet gives photographs of the com- 
ponent units and block diagrams of the 
system along ¥ complete specifications 
for the instruments. Circle No. 419. 
COPPER CLAD LAMINATES. West- 
inghouse Electric Corp., Micarta Div. Bro 
chure B8215, 8 pp. Compares physical 
and electrical properties of seven grades of 
copper clad laminates for printed circuits. 
Tables list test methods and test results. 
\ general description table gives recom- 
mended applications and special features 
and advantages of each type, including five 
paper base phenolic grades and glass and 
paper base epoxy types. Circle No. 420. 
CONTACT PROTECTION. Presin Co., 
Inc. Rifa Bulletin, 12 pp. Shows how the 
use of low cost resistor-capacitor units 
made available by the Swedish manufac 
turer, Aktiebolaget Rifa, will increase relay 
contact life in even standard applications. 
Dimension drawings, photographs, and 
complete technical descriptions are given 
Also included is a reprint from a lab pub 
lication describing this technique of relay 
protection. Circle No. 421. 
INDUCTION MOTORS. General Elec 
tric Co. Bulletin GEA-7300, 6 pp. Covers 
the manufacturer’s complete line of frac- 
tional horsepower specialty motors running 
from 15 mhp to 4 hp. Photographs and 
dimension drawings are given for the 3, 
3%, and 4%-diam frame induction motors 
Motor cutaway photo shows internal fea- 
tures. Performance curves and tables of 
available models complete the coverage. 
Circle No. 422. 

SELENIUM CELL. Daystrom, Inc., 
Weston Instrument Div. Bulletin 03- 
201-A, 6 pp. Describes the features and 
applications of an improved design 
selenium photovoltaic cell. Photographs, 
dimension drawings, and descriptions are 
given for available units, and output 
curves are also included. Circle No. 423. 
CRYOGENIC DATA, Cryogenic Engi- 
neering Co. Data Card. Said to be the 
first coliection of this type of data on a 
simple reference card, this publication in 
cludes 11 physical properties of 31 crvo 
genic fluids. Also given are the thermal 
characteristics of seven insulations, con 
version factors, and special properties of 
certain fluids. Circle No. 424. 
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Cost Eat 


CONTROL 
CENTER 


Cutting j - 
Combo 


14 PAIR 
“THERMO- 
CABLE” 


14-CIRCUIT 
TERMINAL 
Box? 


0.1% LINEAR 


SHOWN 1/2 NORMAL SIZE 


OUTPUT OVER 
TEMPERATURE RANGE 


SIZE 11 D€ TACHOMETERS 


These Kearfott DC tachometers are unusually durable and 
specifically designed to provide reliable service over a 
long life, R9608-001 is an uncompensated unit ideally 
suited to:function as a stabilizing element in a standard 
DC servomechanism. The R9608-002 model offers the pre- 





TO THERMO- 
ye’ PLES 


Thermocouple Extension 
Wire Installations 


Here’s an economy team to increase effi- | 


ciency and cut costs up to 75% in your 
next thermocouple extension wire installa- 
tion. Multi-conductor THERMO-CABLE* 
permits you to install from 6 to 56 pairs 
of color-coded, insulated thermocouple 
leads, at one time, using just one cable. 
Terminate the wires in a weatherproof 


multi-termminal box specifically designed 
for THERMO-CABLE. 


No more pulling individual leads through 
conduit. And, THERMO-CABLE, with its 
polyvinyl chloride weatherproof, heat and 
corrosion resisting outer sheath often 
eliminates the need for conduit. Direct 
burial types available to eliminate haz 
ards from fire and mechanical damage. 


T.E. weatherproof Terminal Boxes are 
made of cast iron or sheet steel, can ac- 
commodate from 6 to 100 circuits, and 
offer sure protection against the effects of 
contaminating atmospheres. Made to 
N.E.M.A. or JIC specifications. 


Write today for Catalog 83-11 


*Trade Mark 


WTI 


cision required in computing applications and is tempera- 
ture compensated to maintain its high accuracy over the 
temperature range of —15°C to +-71°C, with variations 
of no more than .1% of values specified at 25°C. 


TYPICAL 
ELECTRICAL 
DATA 


TYPICAL 
MECHANICAL 
DATA 


Write for complete data 


R9608-001 R9608-002 


7 (typical) 2 
5-30 available 


Output (volts/ 
1000 rpm) 
Rated Speed 
(rpm) 
Linearity 
(% to 3600 rpm) . 
Winding Resis- 
tance (ohms) 
Output Impedance 
(ohms) 36 
Ripple Voltage 2.5% at 
ae ° 3600 rpm 


Friction Torque 

(in. oz.) . 0.25 
Rotor Moment 

of Inertia 

(gm-cm?) 
Weight (0z.) 


KEARFOTT DIVISION 
GENERAL PRECISION. INC. 


Electric «..: 


SADDLE BROOK, NEW JERSEY 





Little Falls, New Jersey 


in Canada: THERMO ELECTRIC (Canada) LTD., Bramptes, Ont. 
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The Static Relay 





with | 
Meter Movement Sensitivity 


The ultRelay, a new solid state ultrasensitive relay with input sensitivity to 0.25 

microwatt, was designed specifically for applications which previously required 
fragile meter movement relays. Absence of mechanical contacts, bearings and | 
moving coils permit millions of switching cycles and freedom from failures | 
caused by contact chatter, vibration, wear and burning. 


input sensitivity to 0.25 microwatt D.C. 
Low input resistance 

Directly operable from thermocouple output 
Power amplification to 95 db 

60~ 115V loads to 400 watts 

Vibration and shock resistant 

No external reset circuits required 

Single, double or differential input options 
Electrical isolation between load and control 
Size, 3” x 3” x 3144" 

Single pole, N.O. or N.C. units available 


Send for literature 4 ™ 


3 a 
Electronics Division  s 
AIRBORNE ACCESSORIES CORPORATION 
1414 Chestnut Avenue, Hillside 5, New Jersey; MUrdock 8-0250 





5456 W. Washington Boulevard, Los Angeles 16, California; WEbster 8-3227 





| ABSTRACTS 


Automatic central library 


From “A Library for 2000 A. D.”, 
by John G. Kemeny, Chairman of 
the Mathematics Dept., Dartmouth 
College. One of a series of lectures 
sponsored by the MIT School of 
Industrial Management, Cambridge, 
Mass., March 27, 1961. 


By the end of this century our uni- 
versity libraries will be obsolete. The 
library of the future must miniaturize 
books and periodicals and put them 
on a medium that is easily handled 
by machines. A central National Re- 
search Library can be built to serve 
both the Federal Government and the 
major universities at minimum cost— 
under one billion dollars for planning 
and construction. 

The proposed library will start with 
some 10 million volumes and may 
grow to 300 million by the end of the 
21st century. Material will be divided 
into 100 subjects, each growing by 
some 6 x 10* items per year in 2000 
A.D. (pure mathematics would make 
one subject, chemistry five). Subjects 
will be divided into up to 100 
branches. Within a branch, material 
may be classified into books and books 
into items (a chapter of a book or an 
article in a journal). Each item can 
then be cataloged by a code name con- 
sisting of 3 letters and 9 digits. 

If each page is stored on a 1 mm 
square area of tape, all the pages of an 
item can be stored across the width of 
a 2-in. tape, and such a tape 3,300 ft 
long will handle a branch with up to 
10° items. Each subject will have a 
room with some 100 tape machines, 
one for each branch. Each subject can 
be closed down one day a month while 
new material is added. 

The system will work something 
like this: Users at their own universi- 
ties have access to reading units con- 
nected to the central library. The 
reading units are capable of receiving, 
recording, and displaying pages, and 
have a means of signaling the library. 
The user simply dials the code number 
of the item he desires or signals for a 
subject catalog. When an item is re- 
quested it is read from the storage tape 
into a projection unit that transmits 
it to a tape in the reading unit. Once 
the item is received, the user hangs up 
and can read the item at leisure. The 
average user should not tie down the 
storage unit for more than a minute 
or two. Relevant parts of the central 
catalog can also be copied onto the 
reading tape so that the catalog is not 
tied up while the customer searches. 


CONTROL ENGINEERING 














W.&L.E. GURLEY, TROY, N.Y. 


AUGUST 


1961 











Va-a-room! 
(An explosive case history) 


In an effort to inject a documentary 
note into our advertising, we are asking 
our field force to send us good, solid 
case histories of some of our new prod- 
ucts in use. The first to respond was 
good old Melvin, our lovable represent- 
ative in the southeastern Northwest 
territory. (Or is it the other way 
around? . . . we never can remember.) 
Anyway, here is the transcript of his 
tape recorded, on-the-spot interview 
with Potherington P. Potts, president 
of the Little David Dynamite Compa- 
ny of Bad Guess, Idaho, one of many 
industrial giants we serve. 

“Mr. Potts, I’m here to get the 
straight performance facts about your 
new Hays 632C Low Range Oxygen 
Analyzer. Now first, why did you buy a 
beautiful, sophisticated instrument like 
this in the first place? Was it because 
of its fully transistorized circuitry?’ 

“Naw” 

‘Because it has printed circuits with 
plug-in, pull-out interchangeable range 
cards for easy-as-pie servicing?” 

“Naw” 

“Because it is unaffected by hydro- 
gen and other common components of 
the carrier gas?” 

“Naw” 

“Come on now, Mr. Potts, why did 
you buy the Hays Low Range Oxygen 
Analyzer?” 

“To tell the truth, I figured that nice 
pearly gray finish would go real well 
with the walls in the plant. Got any 
more dumb questions, boy?” 

“Er, yes, I mean no. I mean... tell 
me, Mr. Potts, what is this big barny 
room we’re in now?” 

“This is Final Assembly, son. The 
dynamite comes in on that conveyor 


| belt there and these men stuff it into 


sticks, slap in a fuse and there you are.”’ 
“Mr. Potts, I can’t refrain from com- 


| menting on the fact that all these men 


stuffing dynamite are smoking like 
crazy. Isn’t that a mite. . . er, unusual? 
I mean in a dynamite factory yet!” 

“Son, don’t you know this low range 
O, Analyzer is explosion-proof?”’ 

“Well of course, but...” 

“Son, until we got that analyzer the 
boys had to sneak outside for a smoke. 
The loss in production was fantastic. 
Fantastic, I say!” 


NEW EXPLOSION-PROOF LOW RANGE 
Oxygen Analyzer 632C 





BEFORE 


“Yes, but...” 

“Why, I figure that just by saving us 
the time lost in smoke breaks, the Hays 
Low Range O, Analyzer will pay for it- 
self in 179 years! Think of that, son.” 

“Mr. Potts, I don’t think you quite 
understood about the explosion-proof 
bit. You see...” 

“Son, you talk too much. Buying that 
explosion-proof low range O, analyzer 
was the smartest thing I’ve done for 
this company. Here, boy, have a cigar.” 

we Pe 

“Son, with 0-1 to 0-3% standard 
range with 0-10 % coarse setting avail- 
able for process startups, the Hays Low 
Range Oxygen Analyzer is . . . here, let 
me give you a light, boy.” 

~ ee 

“You were saying, boy?” 

“Mr. Potts, even though your new 
analyzer is explosion-proof I don’t 
think I'd throw that match over...” 

That, unfortunately, is the end of the 
tape. We will dutifully report any fur- 
ther documentary details on this inter- 
esting case history as they are received. 
Meanwhile may we suggest that you 
send for our little treatise numbered 
B632C which gives further information 
on this advanced instrument. And, 
which, we hope will clear up any pos- 
sible misunderstanding of what we 
mean by “‘explosion-proof.’’ Guess you 
just can’t take anything for granted. 

(We may have an opening for a man 
in our southeastern Northerwest terri- 
tory. Check if interested.) 


TAS}. 


President 


AFTER 


THE HAYS CORPORATION e MICHIGAN CITY, INDIANA 
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HYSTERESIS 
0.1 of 1% 


ACCURACY 
0.1 of 1% 


CAPACITY 
0-100,000 p.s.i. 


FULL SCALE READING 
Over Over 
0-15 to 0-5,000 | 0.20,000 i) ° ° 0 
0-5,000 and and to to to 
inclusive | including | including 40,000 50,000 100,000 


(P.S.1.) 


to 
75,000 


$183.50 

$209.50 $275.50 | $286.50 | $336.50 

$255.50 $321.50 | $332.50 | $382.50 
DELIVERY —- 2 WEEKS FOR MOST RANGES — PRICE F.0.B. NEWTOWN 


$205.50 
$231.50 
$277.50 


$238.50 
$264.50 
$310.50 


$386.50 
$432.50 
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ABSTRACTS 


Endless belt behavior 


From “The Temporal Behavior of 
an Endless Elastic Track between 
Successive Rollers, Part 1,” by G. 
Kessler. Regelungstechnik, Decem- 
ber 1960, pp. 436-439. In German. 


Endless threads and other members 
continuously passing through machin- 
ery are subjected to stretching and 
stressing forces that are essentially 
dependent upon the circumferential 
speed of the driving cylinders. The 
author shows how to calculate the 
static and dynamic behavior of the 
length and the stretch and stress of an 
elastic member for various arrange- 
ments with the member freely mov- 
able or running under tension in a pre- 
determined path. 


High G testing 


From “Use of a Centrifuge for the 

Precision Measurement of Acceler- 

ometer Characteristics”, by S. R. 

Sporn, Arma Div., American Bosch 

Arma. Paper No. 60-WA-195 pre- 

sented at the Winter Annual Meet- 

ing of the American Society of Me- 
chanical Engineers, New York City, 

Noy. 27-Dec. 2, 1960. 

A centrifugai accelerator is a practi- 
cal way of obtaining sustained measur- 
able acceleration greater than 1 g. It is 
the best method of studying the high 
“g” effects to which accelerometers 
are subjected. The author describes 
techniques developed to interpret ac- 
celerometer linearity data obtained 
from a precision centrifuge, using a 
basic output equation for an inertial- 
quality accelerometer that takes into 
account critical error sources. 


Adjusting on-off controls 


From “Optimum Performance of 
Two-Step Action Controllers With 
Feedback”, by W. Bottcher. Regel 
ungstechnik, October 1960, pp. 
340-344. In German. 


The maximum permissible devia- 
tion in balance condition becomes the 
criterion for the limits of application 
of on-off controllers. The improved 
control by means of delayed or de- 
layed reset feedback is explained by 
examples with an analog computer. 
Instructions for adjustment enable di- 
rect setting of the controller in com- 
pliance with the transient response of 
the plant. 
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TAURUS 


PUNCHED 
CARD 
NSORS 





¥! Reads Entire 
Punched Card 
Statically 





FOR 


Simple Switching Using 
Standard Punched Cards 


This Taurus Punched Card Sensor, with 
1000 switches, is programmed by a spe- 
cial Taurus card made of mylar.* 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open switch 
when the Sensor is actuated. Used for 
Automatic Test Equipment and other 
automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. 


WRITE FOR FREE DESCRIPTIVE LITERATURE 


"J TAURUS 





coORrRPORATILOR®N 








Academy Hill, Lambertville, N. J. 
EXport 7-2390 — TWX LVL 8526U 
“REG. T.M. OF E.1, DUPONT 
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Passive, plug-in QUADRATRON 





solves non-linear problems 


Three ounce unit, developed by Douglas, replaces function- 


generating systems many times bigger and costlier 


The Quadratron is a unique passive 
squaring element. It is normally 
used with standard D.C. operational 
amplifiers to generate an important 
class of the most useful non-linear 
functions. Included are the fol- 


lowing: 
SQUARE SQUARE ROOT 
MULTIPLICATION SINE 
COSINE TANGENT 


This multi-function versatility is 
obtained entirely by variations in 
the external circuitry. 

This simple, compact device has 
already proved its reliability in 
service in the communications, 
petroleum, aircraft and missiles, 
nucleonics, instrument and glass 
industries. 


MODEL SPECIFICATIONS 


Type P, Model D Standard 


Input signal range, +100 volts 
Squaring Error, 0.4% of full scale 
Current from driving source, 2.5 ma. 


Type P, Model E Improved Accuracy 


Input signal range, +100 volts 
Squaring Error, 0.2% of full scale 
Current from driving source, 1.5 ma. 


Type P, Model F for Transistorized 
Amplifiers 

Input signal range, +10 volts 
Squaring Error, 0.2 % of full scale 
Current from driving source, 1.5 ma. 


Douglas will supply complete de- 
tails related to specific applications. 


DOUGLAS 


MAIL COUPON FOR FULL INFORMATION 


Mr. L. M. Spencer, Douglas Aircraft Company, El Segundo, California 


Please send me descriptive material relating to the QUADRATRON 


NAME 


COMPANY — 


ADDRESS _ —— _ manag - 


GTt...__...___....... Licino 


—_._._ ZONE. 


TITLE - 


st STATE... - 
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KHAYSTACK 
CKHAYSTACKHAYSTACK 
HAYSTACKHAYSTACKHAYSTACKHA 
YSTACKHAYSTACKHAYSTACKHAYSTACKHAYS 
HAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKH 
AYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTAC 
ACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYST 
CKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTAC 
STACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYS 
ACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTA 
KHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKH 
TACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKH 
TACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYS 
KHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACK NEEDLE HAYSTACK 
HAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACK 
STACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYS 
AYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKH 
HAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTAC 
TACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTA 
AYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYST 
CKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAY 
CKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTACKHAYSTA 
HOURS/MINUTES/SECONDS/HOURS/MINUTES/SECONDS/ HOURS/MINUTES/SECONDS 


TIME TRICK 


FIND A NEEDLE IN A 13-FOOT HAYSTACK IN 1 SECOND 
WITH EECO’s TIME-CODED 
MAGNETIC TAPE SEARCH 
AND CONTROL SYSTEMS 





That’s searching 1200 feet of 
multi-channel tape in 90 sec- 
onds. This is the kind of per- 
formance that instrumentation 
and data reduction engineers are 
experiencing with EECO time- 
code referenced magnetic tape search-control systems. Time-coded for either 
binary or binary-coded decimal readout — Atlantic Missile Range, IRIG 
or NASA. EECO search-control systems automatically search, detect, and 
play back the type and quantity of data you designate in a matter of seconds 
to minutes. Time-coded EECO search-control systems end speed variation 
inaccuracies. Continuous display of time code to within 1 second of data 
location. Search-to-recording speed ratios to 64/1. No manual switching 
or plug changing to compensate for speed changes. Fully automatic with 
manual search options. Solid-state compactness. Broad compatibility. Low 
initial cost. Low maintenance cost. P.S. Found the needle yet? 


EECO 822 Tape Search and Control System 
Referenced for Atlantic Missile Code Ranges 


EECO SEARCH AND CONTROL SYSTEMS 





Gon. Recorded Time Code 


$10,200 


Manual 
Systems 


Price 
Automatic 
Systems (f.0.b. ; 





EECO 821 


EECO 341] $5,100 a Bit, ane. BCO code as produced by TCG* 





7-Bit, 24-hour, Binary Code as produced by TCG* 


EECO 822 9,500 | EECO 842 4,750 EECO edz (Eglin AFB and Atiantic Missile Range 





EECO 823 


20-Bit, 24-hour, BCD code as produced by TCG* 
pe oS EECO 803 : E 





36-Bit, 365-da D code as produced by TCG* 
EECO 810 ata and IRIG codes) 


*Time Code Generator 


Electronic Engineering Company of California EE 1-31 


® 1601 E. Chestnut Ave., Santa Ana, Calif, Kimberly 7-5501 « TWX: S ANA 5263 | 


EECO 830 EECO 850 
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| NEW BOOKS 


Communication and control 


LecTuRES ON COMMUNICATION 
System Tueory. Edited by Elie 
]. Baghdady, 180 pp. Published by 
the McGraw-Hill Book Co., Inc., 
New York, $12.50. 


What value will the control engi- 
neer find in a book devoted to com- 
munication theory? Because of the 
increasing trend toward large, com- 
plex, integrated control systems re- 
quired to perform to high standards 
of precision and reliability, the use of 
digital computers is now common- 
place, and it is no longer unusual for 
the control system to include a radio 
link. Consequently the concepts of 
random noise, information handling, 
ergodic ‘hypothesis, signal-to-noise 
ratio, transmission rate, and optimum 
coding that were heretofore solely in 
the province of the communication en- 
gineer must also be considered by the 
control system designer. 

This book, based on a special sum- 
mer seminar offered at MIT in 1959, 
is a well integrated presentation of 
approaches fo the design of modern 
communication systems. It contains 
23 chapters, each written by a recogn- 
ized expert in the communication 
field, including Davenport, Eleas, 
Faro, and Siebert, among others. 
Many chapters represent new results 
of the author’s personal research, and 
much of the material has been obtain- 
able previously only in scattered papers 
and reports. 

This is definitely not intended for 
a beginner in modern communication 
theory. It would have been impos- 
sible to treat the range of subjects 
covered from a completely elementary 
standpoint and still have a book of 
reasonable size. However, it should 
prove of value not only as a reference 
for engineers with basic experience in 
the field, but also as a graduate text. 

Marvin P. Pastel 


Rotating amplifier 


Tue Autopyne—A New ELectri- 
cat Macuine, 2nd Ed. Otto Bene- 
dikt, Technical University, Buda- 
pest, 193 pp. Published by Per- 
gamon Press, New York. $8.50. 


The autodyne, a new rotating am- 
plifier, was developed by the author 
and his associates in the USSR and 
has been used in Europe as a power 
converter and control device. This 
tells in detail how the familiar rotary 
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MODEL 925 


... the counter 
that remembers! ! 


SOLID STATE 


20 MC 


UNIVERSAL COUNTER-TIMER 


All new . . . the rugged, compact Model 
925 is designed to offer the ultimate in 
reliable counting of periodic or random 
electrical events and precise measurement 
of Frequency, Period and Time Intervals. 
Built-in memory provides readout storage, 
continuous display while counting, more 
frequent sampling and less operator eye 
fatigue. Modular construction. 


ed 


OUTSTANDING FEATURES: 


IN-LINE NIXIE READOUT 

8 DIGIT MEMORY — No Blinking 
SENSITIVITY — .1V RMS — 

All 3 Channels 

THREE DC AMPLIFIERS 

HIGH INPUT IMPEDANCE 

AUTOMATIC DECIMAL POINT 

ONLY 312" RACK SPACE (Model 925-R) 
DECADE TIME BASE — No Adjustments 
STABILITY — 1 Part In 108/Day; 

5 Parts In 106 /Week 


ONE HAND 
PORTABILITY 


Write today for complete specifications on the 
Model 925 or Model 925-R (Rack Model) — the 
ideal instrument for laboratory or industrial 
applications. 
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ROCKWELL-REPUBLIC 


MP-12 Analogger combines 
continuous integrator 

with 3-15 psig square root 
extracting receiver 


Rockweil-Republic’s MP-12 
Analogger is a one-to-four pen, 
12” circular chart pneumatic 
receiver recorder. It offers a 3— 
15 psig square root extracting 
receiver and a continuous inte- 
grator, making it ideal for flow 
measurement. 

The receiver converts a 3-15 
psig differential pressure signal 
to a linear flow record. The 
integrator, based on Rockwell- 
Republic’s time-proven watt- 
hour meter principle, catches 
swings and integrates all of the 
flow to provide an up-to-the- 
moment total. 


INTERCHANGEABLE 
PLUG-IN RECEIVERS 


The MP-12 Analogger’s quadrant 
design permits a wide variety of 
recording and integrating combi- 
nations to meet your exact needs. 
For example, up to four completely 
unitized plug-in receivers may be 
quickly and easily installed for 
recording process variables. Or, 
Rockwell-Republic continuous inte- 
grators may be employed in either 
or both of the upper quadrants. 


LIGHTWEIGHT AND COMPACT 


Every aspect of the MP-12 Ana- 
logger’s design from its aluminum 
case to its compact (requires only 


ee 


Please send latest 
literature on the following: 


0 MP-12 Analogger 
0 VRC Ratio Computer 
0 Control Vaives 


0 Electronic Control Systems 


Name 


0 Process Transmitters 
0 Control Stations 

0 Drive Units 

0 Desuperheating & Pressure Reducing Systems 


15%” x 17%" of panel area) con- 
struction makes for efficient panel 
utilization. All connections are at 
the rear of the case. 


ACCURATE CALIBRATION 


The MP-12 Analogger’s basic re- 
ceivers are factory calibrated to 
within +0.5% of chart range span. 
All adjustment points require only 
a screwdriver to make receiver out- 
put settings. 

For more information about the 
MP-12 Analogger and other 
Rockwell-Republic instruments and 
controls, just mail the coupon. rr-27 


more time products by 


ROCKWELL© 


d 





0 Controllers 
© Recorders 
0 V-5 Gauges 
0 Flow Meters 
© Pneumatic Contro! Systems 


Title 





Cc 





Pp 


Address 





City 


Zone State 





Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 
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TAURUS 


PUNCH 
CARD 
NSORS 


’ Reads Entire 
Punched Card 
Statically 


FOR 


Simple Switching Using 
Standard Punched Cards 


This Taurus Punched Card Sensor, with 
1000 switches, is programmed by a spe- 
cial Taurus card made of mylar.* 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open switch 
when the Sensor is actuated. Used for 
Automatic Test Equipment and other 
automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. 


WRITE FOR FREE DESCRIPTIVE LITERATURE 


TAURUS 


c.O 8 @.0 #.A TF 2 Oe 











Academy Hill, Lambertville, N. J. 
EXport 7-2390 — TWX LVL 8526U 
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Passive, plug-in QUADRATRON 
solves non-linear problems 


Three ounce unit, developed by Douglas, replaces function- 
generating systems many times bigger and costlier 


The Quadratron is a unique passive 
squaring element. It is normally 
used with standard D.C. operational 
amplifiers to generate an important 
class of the most useful non-linear 
functions. Included are the fol- 
lowing: 
SQUARE SQUARE ROOT 
MULTIPLICATION SINE 
COSINE TANGENT 


This multi-function versatility is 
obtained entirely by variations in 
the external circuitry. 

This simple, compact device has 
already proved its reliability in 
service in the communications, 
petroleum, aircraft and missiles, 
nucleonics, instrument and glass 
industries. 


MODEL SPECIFICATIONS 


Type P, Model D Standard 


Input signal range, +100 volts 
Squaring Error, 0.4% of full scale 
Current from driving source, 2.5 ma. 


Type P, Model E Improved Accuracy 
Input signal range, +100 volts 
Squaring Error, 0.2% of full scale 
Current from driving source, 1.5 ma. 


Type P, Model F for Transistorized 
Amplifiers 

Input signal range, +10 volts 
Squaring Error, 0.2 of full scale 
Current from driving source, 1.5 ma. 


Douglas will supply complete de- 
tails related to specific applications. 


DOUGLAS 


MAIL COUPON FOR FULL INFORMATION 


Mr. L. M. Spencer, Douglas Aircraft Company, El Segundo, California 
Please send me descriptive material relating to the QUADRATRON 


NAME____ 


COMPANY — 


ADDRESS —____ 


CITY 


——___ZONE~ 


TITLE 
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MODEL 925 


... the counter 
that remembers! ! 


SOLID STATE 


20 MC 


UNIVERSAL COUNTER-TIMER 


All new .. . the rugged, compact Model 
925 is designed to offer the ultimate in 
reliable counting of periodic or random 
electrical events and precise measurement 
of Frequency, Period and Time Intervals. 
Built-in memory provides readout storage, 
continuous display while counting, more 
frequent sampling and less operator eye 
fatigue. Modular construction. 


“See 


OUTSTANDING FEATUPES: 


IN-LINE NIXIE READOUT 

8 DIGIT MEMORY — No Blinking 
SENSITIVITY — .1V RMS — 

All 3 Channels 

THREE DC AMPLIFIERS 

HIGH INPUT IMPEDANCE 

AUTOMATIC DECIMAL POINT 

ONLY 32" RACK SPACE (Model 925-R) 
DECADE TIME BASE — No Adjustments 
STABILITY — 1 Part In 108/Day; 

5 Parts In 108/Week 


ONE HAND 
PORTABILITY 


Write today for complete specifications on the 
Medel 925 or Model 925-R (Rack Model) — the 
ideal instrument for laboratory or industrial 
applications. 
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ROCKWELL-REPUBLIC 


MP-12 Analogger combines 
continuous integrator 

with 3-15 psig square root 
extracting receiver 


Rockwell-Republic’s MP-12 
Analogger is a one-to-four pen, 
12” circular chart pneumatic 
receiver recorder. It offers a 3— 
15 psig square root extracting 
receiver and a continuous inte- 
grator, making it ideal for flow 
measurement. 

The receiver converts a 3-15 
psig differential pressure signal 
to a linear flow record. The 
integrator, based on Rockwell- 
Republic’s time-proven watt- 
hour meter principle, catches 
swings and integrates all of the 
flow to provide an up-to-the- 
moment total. 


INTERCHANGEABLE 
PLUG-IN RECEIVERS 


The MP-12 Analogger’s quadrant 
design permits a wide variety of 
recording and integrating combi- 
nations to meet your exact needs. 
For example, up to four completely 
unitized plug-in receivers may be 
quickly and easily installed for 
recording process variables. Or, 
Rockwell-Republic continuous inte- 
grators may be employed in either 
or both of the upper quadrants. 


LIGHTWEIGHT AND COMPACT 


Every aspect of the MP-i2 Ana- 
logger’s design from its aluminum 
case to its compact (requires only 


Ce 


Please send latest 
literature on the following: 


0 MP-12 Analogger 
© VRC Ratio Computer 
0 Control Vaives 


0 Electronic Control Systems 


Name 


0 Process Transmitters 
C) Control Stations 

© Drive Units 

O Desuperheating & Pressure Reducing Systems 


15%” x 17%” of panel area) con- 
struction makes for efficient panel 
utilization. All connections are at 
the rear of the case. 


ACCURATE CALIBRATION 


The MP-12 Analogger’s basic re- 
ceivers are factory calibrated to 
within +0.5% of chart range span. 
All adjustment points require only 
a screwdriver to make receiver out- 
put settings. 

For more information about the 
MP-12 Analogger and other 
Rockwell-Republic instruments and 
controls, just mail the coupon. rF-27 


more tine products by 


ROCKWELL © 


d 





© Controllers 
© Recorders 
0 V-5 Gauges 
0 Flow Meters 
O Pneumatic Control Systems 


Title 





Cc 





p 


Address 





City 


Zone State 
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Republic Fiow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 
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( PHOTOTRON 
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FIRST IN 
NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile basic 
transducer offers incremental 
conversion of shaft angle to 
digital measurement. Available 
in seven models, its maximum 
permissible speeds range from 
15,000 rpm at 128 counts per 
revolution to 1,250 rpm at 
2,048 counts, with sample 
rates ranging to 45,000 counts 
per second, 


Applications for the Hydro-Aire 
Phototron include analog to 
digital shaft converters, pre- 
cision analog servo with digi- 
tal readout, data reduction 
equipment, tachometers, and 
precision measurement and 
control. 


Detailed specifications are 
available on request, Related 
products soon to be available 
from Hydro-Aire, a member of 
the Crane Co. Systems and 
Contro!s Group, will include 
associated power supplies and 
binary and digital counters. 


HYDROAIRE 


DIVISION OF 


3000 WINONA AVE., BURBANK, CALIF. 


” 


om 
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converter was turned into a machine 


that has automatic stabilization char- 
acteristics and can replace a motor 


| driven amplidyne. Two introductory 


chapters describe early attempts to 
alter the synchronous converter to 


| provide a controlled source of de. Af- 


ter several schemes proved inefficient 


_and impractical, the investigators 


added direct and quadrature excitation 
fields to the stator and created the 


| autodyne. 


Technical aspects are well presented, 


| and the mathematical treatment is, | 
| for the most part, easy to follow. 
| Good sketches, phasor diagrams, and 
| characteristic curves add meaning to 
the discussion. Short chapters explain | 
| how feedback impulses maintain syn- | 
chronous operation; how the auto- | 


dyne maintains accurate automatic 
control; and problems of stability, 
transients, and commutation. 

Many readers concerned with indus- 
trial control will welcome this desctip- 


| tion. It not only focuses attention on | 
a new control unit but emphasizes the | F 4 


importance of a most remarkable 
power converter now rapidly disappear- 


ing, whose redesign may prove valu- | 
able in a field for which it was not | 


originally intended. 


Purdue University 


All about analogs 


ANALOG COMPUTATION LIBRARY. 
Stanley Fifer. 4 vols., 1384 pp. 
Published by the McGraw-Hill Book 
Co., Inc., New York. $39.50. 


To paraphrase an old joke, this ex- 
haustive treatise tells more about ana- 
log computing than most of us care 
to know. It provides the most thor- 
ough coverage of components, com- 
puters, and techniques that this re- 
viewer has ever seen. 

Nine out of 30 chapters deal with 
components used in analog computers, 
from de amplifiers and linear pots to 
function generators and analog-digital 
converters. The author deserves spe- 
cial commendation for devoting con- 
siderable space to pot loading errors 
and their compensation, a topic cov- 
ered only briefly in most analog com- 
puter books. 

Fifer devotes four chapters to ana- 
log computers other than the conven- 
tional de electronic differential an- 
alyzer. He describes, among others, 
thermal and potential analogs, ac net- 
work analyzers, and mechanicai differ- 
ential analyzers. A fascinating his- 
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accurate visual display 
of up to 47 measurements 
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© COMPACT 
®@ LIGHTWEIGHT 
@ RELIABLE 


MODEL 15 LINEAR 
DISPLACEMENT SOLENOID 


30 MA 


WEIGHS LESS THAN 412 OUNCES 


AN ACTUATOR THAT TRANSDUCES ELEC- 
TRICAL POWER TO MECHANICAL FORCE 
OR MOVEMENT 


The Midwestern Model 15 
Linear Displacement Solenoid is 
so small and so light . .. it’s ideal 
for applications requiring relative- 
ly small, high-force displacements 
proportional to input signals . . . is 
highly effective in automatic tim- 
ing, cycling devices requiring linear 
mechanical motion for outputs... 
is applicable to systems incorporat- 
ing electrical feedback to maintain 
a quiescent level of operation. It 
operates dependably in environ- 
mental temperatures to 400° F., is 
submersible in fluid or gas—cou- 
ples efficiently with servo valves 
in hydraulic control systems, and 
assures precise, accurate control 
of the new improved electrical- 
position indicating instruments, 


Write Dept. HP 


MIDWESTERN 
INSTRUMENTS 
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cCrICNCINg a 


Director of Personnel Division 61-64 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


All quelified oppliconts will receive 1d 





rimecg@éation 


ploy without 


tor 
regord to race, creed, color, or notional origin. U.S. citizenship required. 
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HASTINGS 
AIR METERS 





FOR HIGHEST ACCURACY 


From the very low speed flow of air in 
agricultural research—to the balance of 
flow in heating and air conditioning in- 
stallations—to the measurement of air 
speed for missile testing—the accuracy 
and rapid response of HASTINGS Air 
Meters sets the standard. These are but 
a few of the wide variety of applications 
where HASTINGS instruments measure 
the flow of air—as low as 5 fpm—as high 
as 200 mph. HASTINGS Air Meters, 
with patented heated thermopile compen- 
sated for temperature and rate of change 
of temperature, are specified for maxi- 
mum accuracy, stability, response. 

* Model B Air-Meter is a dual-range, in- 
dividually calibrated, highly accurate in- 
strument. Provides for use with recorder. 
4” indicating and 4” current set meter 
for continuous calibration check. Range 
0-20,000 fpm (or 200 mph on special 
order). Switching unit for multi- 
operation available. Available with di 


probes. 

© Hand - Portable 
ares G gg ex- 
pan scale pro- 
vides excellent read- 
ability in low ranges. 
Compact design. No 
moving parts to 
bre iown or re 
uire maintenance. 
attery operated 
power pack avail- 
able as accessory. 


Range 0-6000 fpm. 
For more detailed 


HASTINGS-RAYDIST. Inc. 
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torical sidelight is Lord Kelvin’s own 
account of using his mechanical differ- 
ential analyzer to solve a second order 
differential equation. 

The remainder of the four volumes 
is devoted to computing techniques, 
and it is here that the work really 
shines. It covers all the usual topics 
and many others. 

There are numerous examples 
worked out in detail and a compre- 
hensive collection of problems. The 
author's encyclopedic knowledge of 
the field has been buttressed by ex- 
tensive research, shown by the tre- 
mendous number of references in each 
chapter. Mr. Fifer has made a truly 
memorable contribution to the analog 
computer literature. 

Leslie R. Axelrod 
The Powers Regulator Co. 


Solving with numbers 


NumericaL Mersops ror ScreNCcE 
AND ENGINEERING. Ralph G. Stan- 
ton, 288 pp. Published by Prentice- 
Hall, Inc., Englewood Cliffs, New 
Jersey. $9.00. 


This is an extremely informative 
and useful little book. The author 
states that his approach is primarily 
“how to do,” and he is consistent in 
this. Starting with the basic concepts 
of finite, divided, and central differ- 
ences, he builds working techniques 
for numerical solution of practical 
problems, largely on the basis of illus- 
trative examples coupled with brief 
verbal explanations. 

Scattered through the book are a 
number of very helpful statements 
that are unusual in technical books 
but greatly appreciated by students: 
“Actually, es as the divided differ- 
ence formula nor the Gauss formulae 
are of great practical use; however, 
they serve as intermediate steps. . .” 
(p. 35) or again, “Some engineers 
and pure mathematicians . . . labor 
under the illusion that determinants 
are a practical method of solving equa- 
tions. . . . Even electronic computers, 
. . « find determinants too awkward 
to employ.” (p. 163). 

Besides being very good for self 
study and a good text for some courses, 
this book could also be used as a 
reference for many computational 
purposes. The material it contains is 
certainly prerequisite to an intelligent 
approach to digital computer pro- 


gramming. 
George J. Thaler 
U. S. Naval Postgraduate School 


NEW 


Stromberg- 
Carlson 
lightweight 
telephone 


handsets . 





| «+. for a wide range of appli- 


cations such as dictating sys- 
tems, mobile radio, carrier 
and microwave. 


These new lightweight Stromberg-Carl- 
son handsets, No. 33 and No. 35, in- 
corporate push-to-talk switches, broad- 
ening the range of their applications. 
Both feature high-gain, high-efficiency 
transmitter and receiver. 

The No. 33 model is furnished with 
a bar-type switch, located on the un- 
derside of the handle. 

The No. 35 handset is furnished with 
a button switch on the side of the 
handie near the receiver end. Also 
available with both button and bar 
switches. 

For technical details and ordering 
information, contact any of these sales 
offices: Atlanta—750 Ponce de Leon 
Place, N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand 


| Avenue; Rochester—1040 University 
| Ave.; San Francisco—1805 Rollins Rd, 


| GENERAL DYNAMICS 


/ELECTRONICS 
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TRANSISTORIZED 
DIGITAL SYSTEMS 


Digital Systems—The NAVCOR 
systems approach is one encom- 
passing modular units of stand- 
ard NAVCOR plug-in modules. 
This permits future change or 
expansion of your requirements 
—minimizes the possibility of 
obsolescence. Every NAVCOR 
system includes indicators on all 
memory elements for easy 
checkout and maintenance. 


NAVCOR development and pro- 
duction facilities can expedite 
your digital system program— 
offering a unique combination of 
technical experience and pro- 
duction economy. 


Creative engineering by NAY- 
COR has successfully developed 
the 100 Series transistorized 
modules for digital test equip- 
ment and prototype develop- 
ment, and the newer 300 Series 
card modules for constructing 
complete data handling systems. 
Delivered complete and attrac- 
tively packaged, these econom- 
ical systems modules are ready 
to operate with a minimum of 
inter-unit wiring. 


NAVCOR can engineer and 
manfacture complete systems to 
your requirements. Years of ex- 
perience, devoted exclusively to 
semiconductor digital systems 
design, have produced hundreds 
of thousands of operating logic 


FREE 


Send for complete data and 
specifications on the 300 Series 
systems blocks. 


NAVIGATION COMPUTER CORP. 
VALLEY FORGE INDUSTRIAL PARK 
NORRISTOWN, PA. 
Giendale 2-6531 
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DIAPHRAGM 


BIN-DICATOR® PAYS FOR ITSELF 
FIRST TIME IT PREVENTS BIN 
OVERFLOW, CONVEYOR CLOG, 
ELEVATOR CHOKE-UP, MACHINERY 
DAMAGE, REPAIR SHUT-DOWN 


If you handle bulk material you probably need Bin- 
Dicators. The nominal costof this protection and auto- 
matic control makes it the lowest-cost modernization 
you can buy. Available with Explosion-Proof Switch. 


THE BIN-DICATOR CO, — “iis /e:,hoe. crv of 


17190-F3 Denver * Detroit 24, Mich. TUxedo 2-3000 
WE SELL DIRECT « PHONE ORDERS COLLECT 
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DIGISYN’* 
PHOTOELECTRIC INCREMENTAL 
POSITION TRANSDUCERS 


Performance: 

© Digital pulse output from rotary motion 
input 

@ Resolution to 262,000 counts per 
revolution 

@ Forward and backward rotation counts 

Up to 32,000- counts @ Provisions for zero reset 
per revolution @ Linear & Non-Linear functions 


Typical Applications: 
@ Precision machines — servo control 
@ Pulse tachometers 
@ Shaft position control and monitor 
@ Circle dividing 
@ Stable platform position monitor 


COMPLETE LINE OF DIRECT-READING BINARY AND SPECIAL 
ENCODERS AND ACCESSORY EQUIPMENTS ALSO AVAILABLE 


Write or call (Boston) COpley 7-8425 for further information 


? 
,o& WAYNE-GEORGE 


CORPORATION 
(ADCON DIVISION) 


588 COMMONWEALTH AVENUE e¢ BOSTON 19, MASS. 
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SERVOMEX 


LF51 the world’s 
best low frequency 
waveform generator! 


“wo 


The most 
flexible supply 
of testing signals 
for testing 
_ servo mechanisms 
s and automatic 
controllers 


This unique instrument is being used by 
discriminating control engineers all over the 
world for measuring the dynamic response 
of automatic control systems. With it, one 
can Carry out measurements of the frequency 
response to sinusoidal input; the step-function 
response ; the response to ramp functions ; 
the response to sine-squared pulses; and 
many other special tests. Send for data sheets. 


* Sine Waves from 500 cycles|/sec. down to 
one cycle every 2,000 secs. (33 minutes) 

* Pulses and square waves with rise time of 
1/0 microseconds 

* Ramp functions with a linear rise variable 
from 1 millisecond to 1,000 seconds 

* Over 30 different waveforms available 

* Voltage variable between 100 microvolts 
and 150 volts peak-peak 

* Load current up to 5 milliamps peak 





MUL AV AY NRA 
sont Nel ie a 
|. Sector Switch at CONTINUOUS 


me oaks. ee apeey eae VO 


2. Selector switch at “SINGLE” @ step with 
continuously variable slope 


road Las RE cas 0 meal 
” in ie. caved giles 


3. Selector switch ot “DOUBLE”—a single isolated 


pulse in eight different forms 











Send for data sheets. 


Servomex Controls Limited 
CROWBOROUGH SUSSEX ENGLAND 


| | MEETINGS 
| TIN 


| AUGUST 


Gordon Research Conference on In- 
strumentation, Colby Junior Col- 
lege, New London, New Hampshire 


Aug. 14-18 


Second International Electronic Cir- 
cuit Packaging Symposium, Univer- 
sity of Colorado, Boulder, Colo. 

Aug. 16-18 


Western Electronic Show and Con- 
vention (WESCON), sponsored by 
IRE and WCEMA, Cow Palace, 
San Francisco, Calif. Aug. 22-25 


International Heat Transfer Confer- 
ence, sponsored by ASME, AIChE, 
University of Colorado, Boulder, 
Colo. Aug. 28-Sept. 1 


| SEPTEMBER 


Third Congress, International Associa- 
tion of Analog Computation, Bel- 
grade, Yugoslavia Sept. 4-9 


International Language ‘Translation 
Conference, National Physical Lab- 
oratory, ‘Teddington, Middlesex, 


England Sept. 5-8 


International Data Processing Exhibit 
(in conjunction with 16th National 
Meeting of Association for Comput- 
ing Machinery), Statler Hilton Ho- 
tel, Los Angeles, Calif. Sept. 6-8 


Institute of Radio Engineers, National 
Symposium on Space Electronics 
and Telemetry, University of New 
Mexico, Albuquerque, N. M. 

Sept. 6-8 


Joint Nuclear Instrumentation Sympo- 
sium, sponsored by ISA, AIEE, 
IRE, North Carolina State mony 
Raleigh, N. C. Sept. 6-8 


Instrument Society of America, | 6th 
Annual _Instrument-Automation 
Conference and Exhibit, Biltmore 
Hotel and Memorial Sports Arena, 
Los Angeles, Calif. Sept. 11-15 


Third International Cybernetics Con- 
gress, Namur, Belgium Sept. 11-15 


Industrial Electronics Symposium, 
sponsored by IRE, AIEE, ISA, 
Bradford Hotel, Boston, Mass. 

Sept. 21-22 


OCTOBER 


Institute of Radio Engineers, Seventh 
National Communications Sympo- 
sium, Utica, N. Y. Oct. 2-4 


(Lo 








JOHN E. POLIS 
Senior Design 
Application Engineer 


of our Molecu-Dryer 
Division, reports on 


w COosT \ 


INSTRUMENT 
AIR DRYING 


DELIVERY OF CLEAN, DRY AIR 
AT LOW COST for a “dry box” 
installation at one of our custom- 
er’s plants . . . is now being accom- 
plished with a Hayes MS Series 
Recirculating Molecu-Dryer. The 
same can be done for your instru- 
ment air system . .. where moisture 
causes rust, clogs up instrument 
ports, and creates freeze-ups in the 
air lines. 

A NEW HAYES TYPE MSX 
MOLECU-DRYER has been devel- 
oped to supply 

pure, dry air 

at —100°F 

and solve in- 

strument air 

problems. 

An externally 

heated dryer, 

the MSX is a 

complete, 

compact, high- 

capacity unit 

featuring a 

simplified control system . . . makes 
drying and reactivating operations 
easy, automatic—at lowest cost ever. 


SHELL AND TUBE DESIGN has 
been designed for safe, high pres- 
sure working ranges to 500 psig. 
Many other design innovations for 
which patents have been granted 
have also been applied to this and 
other Hayes Molecu-Dryer units. 
The unique feature of the new 
MSX, however, is the downflow 
stream which eliminates fluidizing 
of the desiccant bed, especially with 
high velocity flows. 

SHORT CYCLES — CONTINUOUS 
FLOW. Dry and purge circuits of 
the MSX are independent and com- 
pletely automatic ... operate in 
alternating 4-hour cycles. Larger 
size Linde® Molecular Sieves are 
used, together with down-flow 
adsorption, to increase flow rates as 
much as 3 to 4 times that of com- 
parable dryers with upflow stream. 


A WIDE SELECTION OF FLOW 
CAPACITIES and pressure ranges 
are available to meet your partic- 
ular instrument air drying needs. 
Bulletin 1060C gives full details 
on the new 
Hayes Type 
MSX Molecu- 
Dryer. For 
your copy, 
write C. I. 
Hayes, Inc., 
938 Welling- 
ton Ave., 
Cranston 10, 
Rhode Island. 


Cc. 1. HAYES, wwe. 


Established 1905 





i pays see Hayes for age ae 
dP monty Nob o tocilivies, tmos - 
phere generators, gas ee liqu p mone 
pHayes-master (TM) control units. 
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Bina-View 


ina-Vi 
Binary Operated & 





4 Series 120000 SP 


Series 10000 Leno 160000 5 
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Series L 
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Rapes THAT DO laces THAN DISPLAY NOMERE 


I.E.E’s complete line of rear-projection readouts 
display words, numbers, symbols, and color, 
The alpha-numeric Bina-View readout is 
self-decoding and operates direct from binary 
output. And all can satisfy human factors 
requirements! 

The engineering staff and facilities.of Indus- 
trial Electronic Engineers, Inc. have approached 
the problem of readouts as one of visual 
communications, the case in point being that 


complete! 
under 
the 


KE 


roof 


numbers are only one form in a host of methods 
in visual communications. The engineering 
talent at I.E.E. work under the formula that the 
more forms of visual communications that are 
available the less chance there is for communi- 
cative breakdown, Jn a word; complete. 

Your inquiry to complete readout visual com- 
munications is invited. 


InpusTRiaAL ELectronic ENGINEERS, tne. 


5528 Vineland Avenue, North Hollywood, California 
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LITTON SYSTEMS, INC. Guidance & Control Systems Div. 














Woodland Hills, California 





ANALOG 
CIRCUIT 
DESIGN 


The strictly realistic art of 
analog circuit design 
relates directly to our proj- 
ects in inertial guidance. 
If you have fine-line expe- 
rience in the design-and 
development of transis- 
torized circuits for servo 
and analog computer 
applications used in |.G. 
systems, write to Mr. 
Donald E, Krause. 


Qualified will be o 
regardiess of race, creed, color or 
national origin. 





a 
If you live in the 
EAST or MIDWEST 
write or phone 
the LITTON 
Research & Engineering 
Staff Representative 
nearest you: 
Mr. Harry Laur, 
221 Crescent Street, 
Waltham, Mass. 
TWinbrook 9-2200. 


Mr. Garrett Sanderson, 

375 Park Ave., 

New York City, New York. 
PLaza 3-6060. 

Mr. Robert L. Baker, 

360 No. Michigan Ave., 
Chicago, lil. ANdover 3-3131 
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Flexible Automatic Circuit Tester 


Cut the cost 
of circuit testing 


Eliminate the costs of develop- 
ing special purpose test equip- 
ment for each production pro- 
gram! Cut the time required to 
verify the wiring integrity of 
electrical assemblies! Reduce 
the amount of valuable floor 
space required for circuit test- 
ing! O With the Hughes-de- 
veloped FACT —short for Flex- 
ible Automatic Circuit Tester 
—you get a mobile, general 
purpose test unit that quickly 
detects and isolates continu- 
ity and high potential faults. 
FACT is a high capacity unit 
_—it can program complete 
‘tests on an unlimited number 
of circuits. FACT cuts down 
programming time dramati- 
cally—it uses standard IBM 
systems. FACT substantially 
reduces trouble-shooting time. 
FACT is self-calibrating and 
self-testing—thereby sub- 
stantially increasing the con- 
fidence level of the circuit test. 
0 FACT is production proven 
and available today. With three 
different FACT models (2 card 
programmed and 1 tape pro- 
grammed) Hughes can meet 
every circuit testing problem. 
Inquire today. Write to L. W. 
Risner, Hughes El Segundo, 
L.A. 45, California. Or, better 
yet, call him at ORegon 8-0361. 
Ext. 1652, 


Creating a new world with Electronics 


| ENGINEERING 





| plications Series. 


WHAT’S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
readers in 
convenient filable form. Single 


copies of any reprint can be ob- | 
tained at the nominal cost listed | 


| Increased technical responsibilities 
in the field of range measurements 
have required the creation of new 
positions at the Lincoln Laboratory. 
We invite inquiries from senior 
members of the scientific community 
interested in participating with us 
in solving problems of the greatest 
urgency in the defense of the nation, 


RADIO PHYSICS 
and ASTRONOMY 


below by circling the corres- | 


ponding numbers on a reader 


RE-ENTRY PHYSICS 


service card, p. 149. Don’t send | 


money with card, we will bill | 
you later. For multiple copies | 


PENETRATION AIDS 
DEVELOPMENT 


write Reprint Dept. Quantity | 


rates will be quoted on request. 


TARGET IDENTIFICATION 
RESEARCH 


512—Ready Reference Data Files—IV, | 


20 pp. Contains Data Files 37 to 48. Sub- 
jects range from information display to 
semiconductor voltage regulators to loaded 
parallel-T filters. 50 cents. 


511—Industrial Process Chromatographs: 


SYSTEMS: Space Surveillance 
Strategic Communications 
integrated Data Networks 


What they do, How they work, Who | 


makes them, 14 pp. Reviews basics of | 


NEW RADAR TECHNIQUES 


chromatographic techniques including lat- | 


est refinements to increase sensitivity and | 


reduce analysis time of this versatile stream 
analyzer, describes major components and 


_ their functions, and highlights operation 


and specific features of six commercially 
available chromatographs. 50 cents. 
510—The Use of Digital Computers in 
Science, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a two-year period as the Digital Ap- 
Prominent authorities 
cover the application, programming, over- 
all system design, and commercial availa- 
bility of digital computers in all phases of 


| business, industry, and military. (An old 


reprint but with basic and practical con- 
tent of value today). $3.00. 
509—Applying Incremental Servos, 24 
pp. Incremental servos offer many advan- 
tages in closed-loop systems. A grouping 


SYSTEM ANALYSIS 


COMMUNICATIONS: Techniques 
Psychology 
Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metallurgy 





_A more complete description of the 
Laboratory’s work will be sent to 
you upon request, 


of five basic articles compares stepping and | 


— control, describes the operation 
and analysis of solenoid-ratchet and phase- 
pulsed synchronous steppers, shows 16 
applications of stepping motors, tabulates 
pertinent characteristics of available step- 
ping motors, and discusses the problems of 
interlocking the devices. 65 cents. 
508—Transistor Switches for Industrial 
Service, March 1961, 24 pp. Industry re- 
quires reliable, inexpensive, and fast switch- 
ing devices. This special report thoroughly 
covers one possible solution to this re- 
quirement—transistor logic modules pack- 
aged for industrial use. Topics include 
how transistors perform logic functions, 
available systems and components, tips on 
selection and use, and case studies of in- 
dustrial applications. 65 cents. 
507—Tips on the Use of Electromechan- 
(Continued on page 174) 
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All qualified applicants will receive consideration 
for employment without regard to race, creed, 
color or national origin. 

















Research and Development 


LINCOLN LABORATORY 

Massachusetts institute of Technology 
Box 30 

| LEXINGTON 73, MASSACHUSETTS 
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help 


McGRAW-HILL 


DESIGN MANUAL FOR 
TRANSISTOR CIRCUITS 


dust Out. Practical information to 
help you meet design problems involv- 
ing use of transistors and other semi- 
conductor devices. Covers a wide 
range of applications—from one-tran- 
sistor amplifiers . .. to complex 
switching circuits. Ed. by J. M. Car- 
roll, Electronics. 315 pp., illus., $9.50 


PROGRAMMING AND CODING 
FOR AUTOMATIC DIGITAL 
COMPUTERS 


2. Just Out. Techniques and data for 
- programming digital computers. Pro- 
vides systematic coding procedures 
: explains computer design for 
more efficient use. By G. Evans II, 
* Stanford Kes. Inst., and C. Perry, 
*. Univ. of Cal. 260 pp., ilus., $9.50 


ENGINEERING MANAGEMENT 
AND ADMINISTRATION 


Just Out. Tested policies and tech- 
niques for managing an engineering 
department efficiently . profitably. 

-- Covers patent law, financial controls, 
personnel, compensation administra- 
tion, and more. By V. Cronstedt, 

;°. Consult. Engr. 441 pp., 42 illus. & 
tbhis., $8.50 


TRANSISTORS AND 
ACTIVE CIRCUITS 


Helps” you solve problems 


ERODE TAINS Dee Wh 9 


: Just Out. 


cuits, partic ularly transistor circuits. 

Stresses the character and concept 
: of models .. . correlates semiconduc- 
‘tor physics and network theory. By 
“ J. Linvill and J. Gibbons, Stanford 
- Univ. 511 pp., illus., $14.50 


ELECTROMECHANICAL 
SYSTEM THEORY 


5 Just Out. Engineering procedures for 
-- the analysis of lumped-paramenter 
~} systerns. Develops a unique linear- 
%, e eran theory ... applies it to elec- 
; trical. mechanical, hydraulic, and 
=. other mixed systems. By H. Koenig, 
’. Mich, State U., and W. Blackwell, 
| Seuthern Meth. U. 350 pp., illus., 
$14.50 


THE PHYSICAL THEORY OF 
TRANSISTORS 


="'Just Out. Describes the flow of cur- 
.: rent through semiconductors, and the 
relation between characteristics of 


Treats mathematical tech- 

specific devices, and much 

By L. Valdes, Kheem Semi- 
cond. Corp. 370 pp., ilus., $10.50 


10 DAYS’ FREE EXAMINATION 


McGraw-Hilt Book Co., Dept. oe 8 
327 W. 4ist St., New York 36, N. 

Send me book(s) checked below oO 10 days’ ex- 
amination on approval In 10 days I will remit 
for book(s) I keep plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
return privilege.) 


) Carroll—Des. Man. for Trans. Circ., $9.50 
Oo vane & Perry—Prog. & Coding for Auto. Digi- 
al Comp., $9.50 
Co) ¢ BA. Enore 9. Momt. & Admin., $8.50 
Linvill & Gibbons—Trans. & Act. Cire., $14.50 
Koe —. & Bilackwell—E€lectro. Sys. Theory, 


$14 
Oo Valdes The Phys. Theory of Trans, $10.50 


ice and terms outside U.S. 
Write Modraw- Hill Intl, N.Y.C. 36. 





NEED AN OIL-FREE 


AIR SUPPLY? 


Select sizes from .35 up to 24 c.f.m. 


Miniature 
Models 


GAST o1t-tess AIR PUMPS 


‘These Oil-less Air Compressors and 


Vacuum Pumps offer you: 


1. Absolutely oil-free air delivery. 
2. No lubrication required — no need to 


arrange access for oiling. 


integral- 
motor 
Types 


V-belt 
Drives 


3. No oil to buy, no time spent in oiling. 


Carbon vanes in rotor lubricate them- 
selves. Ball bearings are grease-sealed 
for life and located outside 


chamber. 
vum to 20” Hg. 


*\ubricated models also available. 


Direct-coupled 
pump Drives 


Pressures to 10 p.s.i.g., vac- 


WRITE TODAY FOR “OIL-LESS" BULLETINS. 





AIR MOTORS + 


VACUUM PUMPS + COMPRESSORS 


@ CAST ianuracturine CORP 











P. O. Box 117-1 


Benton Harbor, Mich. 
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READALL READOUT NEWS from Union Switch & Signal 


SOURCE OF BINARY 
CODE DATA 


MAGNETIC CORES 


INDIRECY 
METHOD 


TRANSISTORS, RELAYS, 


TRANSISTORS, 


Celars, CEES LAMPS, EDGE LIGHTED PLATES. 


PROJECTED IMAGE 


READALLS’ reduce equipment requirements .. . 
simplify circuitry in industrial control systems 


A comparison of the two methods of dis- 
playing information reveals the advan- 
tages of READALI. Readout Instruments. 
Method A shows a system which requires 
the use of complicated conversion equip- 
ment to bring about a visual display of 
desired data. Method B eliminates the 
need for associated conversion units. The 
additional equipment required in Method 
A increases initial equipment costs as 
well as installation and maintenance costs. 
Use of REapALL Readout Instruments 


2) 


makes it possible to eliminate the “black 
boxes” ordinarily required for use with 
more indirect readout methods. 

Outstanding features in one small pack- 
age: Readability of display. Binary de- 
coding. Data storage. Electrical readout. 

UNION READALL Readout Instruments 
are available in 10, 12, and 64-character 
units. Special militarized 12 and 64-char- 
acter units have been designed specifically 
for Mu.-E-5422D. 

Write for Bulletin 1057. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —. 


PITTSBURGH 18, PENNSYLVANIA 
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De DIV. of 


4 Godwin Ave. 
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MODERN 
ELECTRONIC 


GIVES PRECISE 
MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed contro! in DC 
motors while operated from the 
reguiar alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 


to 1 in others. 


ELECTRO DEVICES 
Paterson, N 
ARmory 4-8989 


inc 


J 





REPRINTS cont’d 


ical Relays, 24 pp. Compilation of five arti- 
cles presents practical information on the 
design, test, and use of relay control sys- 
tems. Topics covered include: testing relay 
electrical reliability, improving system relia- 
bility, narrowing relay differential, logical 
synthesis of systems, and verifying relay 
control circuits. 65 cents. 

506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 
thing as an adaptive control system? 
What approaches have been taken? What 
does the future hold? These are the ques- 
tions the author answers in this three- 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basic 
grounding in this latest area of control 
engineer interest. 50 cents. 

505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op- 
timize the response of relay servos. The 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im- 
plementing this theory with hardware for 
second order and higher order systems. 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac- 
teristics of inertial navigators, guidance ra- 
darts, Doppler radar techniques, modern 
techniques in celestial navigation, and per- 
ceptive guidance systems, 65 cents. 

503—How to Determine Stream Analy- 
zet Dynamics, 8 pp. Package of two articles 
shows how analyzers can introduce dynamic 
errors, how to determine analyzer dynam 
ics, and how to improve performance. ‘The 
instrument used is a differential refractom 
eter but techniques can be extrapolated to 
other types of analyzers. 40 cents. 

502—Survey of Dynamic Display ‘Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard- 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-paw] mechanism, mag- 
netic bench-mark system, resolver-type 
transducer, electrostatic transducer, coded 
disc devices, and diffraction gratings. 30 
cents. 

500—Ready Reference Data Files—I, 
II, Ill, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Controt 
Encineerinc through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

(Continued on page 176) 
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Thermocouple 


Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 


These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 


Capacities—OF F to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate 1 to 144 sensing elements— 
locking or non-locking construction. Choose 
from several different cabinets. 


FTL ELD BE 
Tene eae em 
a Oe 


BRAG RS SOR 


PUSH BUTTON SWITCHES 


OFF to 72 points—interlocking construc- 
tion so that one switch remains “on” until 
another is actuated, 


Write today for catalog 24-2 11 
he 





- 
Thermo 
Electric G0., INC. 


SADDLE BROOK, NEW JERSEY 








te Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
4 y, 
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Effective Engineer Recruitment 
Advertising Depends on 
Engineering Readership 


In the wide field of measurement and control and information 
systems; in its specialized areas of research, design, development, 
computer engineering, programming, systems analysis, instru- 
mentation, and the whole range of disciplines in this dynamic 
technology, Control Engineering’s selective, paid circulation 
assures that 


The engineers you need are the engineers who read 


Write for the new 52-page booklet “Recruiting Engineers” Co Nn | i © | 


Address: David Hawksby, Classified Advertising Div. 


Control Engineering, Post Office Box 12, New York 36, N. Y. E N G l N E & be | N G 
QD A wecraw-HiLt pusLication (iD 
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NEED AC-OPERATED 





MILITARY RELAYS? 


| 


sina i ea i igs 


Rectifier circuits ... full-wave bridge 

and half-wave ...use highest quality — 
miniature silicon diodes. Note potted 
construction, : 





For reliable switching 
... try “Diamond H” 
Series RA and SA 


relays with a-c coils 





These relays for 400 cps and 60 cps 
operation are identical in size and 
weight to Hart’s widely specified 
Series R and S d-c relays and meet 
the same specifications*. They pro- 
vide the same shock resistance (to 
50G), the same vibration resistance 
(to 20G-2000 cps), and the same 
performance under temperatures 
ranging from -—65°C to +125°C. 
Contact ratings from dry circuit to 
10 amps, 115 volts a-c resistive and 
30 volts d-c resistive. 

The “Diamond H” line includes 
hundreds of standard models and 
special variations are possible. Ask 
for literature and specification list. 

*Like the R and S series, they meet the 

requirements of MIL-R-5757C. Models 


are also available to fill the require- 
ments of MIL-I-6181. 


® 

“HART 

MANUFACTURING COMPANY 
165 Bartholomew Avenue 


Hartford 2, Conn. 
Phone Jackson 5-3491 
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499—Ready Reference Data Files—IIl, | 


28 pp. Includes the third dozen Data 
Files published in Conrrot ENGINEER- 
inc. Topics range from control of metal 
properties with eddy currents to electri- 


cally signaled valve actuators to stabiliza- | 


tion of sampled data systems. 60 cents. 


498—Ready Reference Data Files—Il, | 


24 pp. Includes the second dozen data | 


files published in Conrrot ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 


497—Ready Reference Data Files—I, | 


24 pp. Includes the first 12 data files 


published in Conrrot ENGINEERING—a | 


diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems. Each shows how to 
solve a particular problem. 50 cents. 
496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 
494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory mto practice 
Eight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, determine 
transient response, and use locus tech- 
niques with multiloop systems. 45 cents 
489—Fundamentals of Miultivibrators, 

2 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome- 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This covers a broad selection of 
multivibrator circuits. 45 cents. 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 

487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. 
garded as constant speed devices, multi- 
speed ac actuators actually take many effi- 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys- 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
slip-frequency injection, use of eddy-cur- 
rent couplings, etc. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint gives rules for selecting the right 
valve characteristics based on static and 
dynamic considerations, takes into ac- 


Re- | 


count the influence of piping on valve per- | 


formance, and tackles the problem of siz- 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 
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EMPLOYMENT 
OPPORTUNITIES 














ELECTRICAL ENGINEER 


Minimum of 3 years experience in process in- 
strumentation; pressure, temperature, flow; indus- 
trial motor controls and power distribution. 
Knowledge of commercial equipment and com- 
ponents heipful. Familiarity with nuclear con- 
siderations a definite asset. 

Send resume to 

J. J. Prindeville 


AMF ATOMICS 
140 GREENWICH AVE., GREENWICH, CONN. 


All qualified applicants will be considered regard- 
fess of race, creed, color, or national origin. 








SPECIALIST CONTROL SYSTEMS 
$14,000 


investigate applications for control system, using 

analog and/or digital computers, particularly for 

industrial licati pany em- 

ployment expense. Contact in confidence. 
ESQUIRE PERSONNEL, INC. 

202 S. State St. Chicago 4, Hil. 

















ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication. 
Send to office nearest you 
NEW YORK 36: P. 0. Box 12 
CHICAGO 11: 645 N. Michigan Ave. 
SAN FRANCISCO 11; 255 California St. 





POSITIONS WANTED 


Control Systems Engineer, P.E., offers a com- 
bination of practical and theoretical experi- 
ence in process control. Experience with con- 
trol hardware, dynamic analysis, analog 
simulation, process trouble shooting. Desires 
a position of responsibility and challenge. 
Greater New York location. PW-6848, Control 
Engineering. 


Process Control Engineer: 
1950. Enterprising. 10 years instrumentation 
& control systems experience in chemical 
industry. Knowledgeable Process and Instru- 
ment Hardware & Theory. Capable organizing 
Process Instrumentation Group for chemical, 
petroleum firm or position with instrumenta- 
tion or systems engineering firm in this field. 
Interested applying new automatic control 
systems ideas for process efficiency. PW- 
6855, Control Engineering. 


B. Chem. Eng. 








SEARCHLIGHT SECTION 

















Ist—Get the Man 
2nd—Call Burnham 


Start your new man off with a worry-free 
move to his new job, his new city. The 
sooner he is settled, the sooner he will 
riorm the job for which he was hired. 
urnham Van provides a Personalized 
Moving Plan for employees that helps 
eliminate 50% of the problems of a new 
man in a new city. sample packet of 
oving Plan is available 
upon request. You'll like the way it 
babies your new people. Write to Charles 
E. Swann, Burnham Van Service, 1632 
Second Avenue, Columbus, Georgia 











FOR SALE 


-0015X* + .030X* + .18X+-1 = 0 reduced to 
(.0224X2 + .118X +1) (.C67X +1) = Oin 
20 seconds with the Cubic Solver. Reduce 
cubics easy and quick to (AX? BX + 1) 
(CX af 1) = 0. Send $2.98—F. W. Jackson, 
318 Maple Ave., Drexel Hill, Pa. 
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ATTENTION: COMPANY 
ENGINEERS, SCIENTISTS, PHYSICISTS 
AIRCRAFT ARMAMENTS, INC. 


This Qualification Form is designed to help you advance in the control Cockeysville, Maryland 
and ct. Designed with the assistance of 


— ad 


industry. It is 








professional personnel management, it isolates specific experience in 
instrumentation and deals only in essential background information. 
The advertisers listed here are seeking professional experience. Fill in = ange 
the Qualification Form below. x ; 


A MF ATOMICS 








STRICTLY CONFIDENTIAL pianeeil wail eniiitten 


Your Qualification form will be handled as “Strictly Confidential.” Our Columbus, Georgia 
processing system is such that your form will be forwarded within 24 
hours to the proper executives in the companies you select. You will 


be contacted at your home by the interested companies. ESQUIRE PERSONNEL 


Chicago, Hlinois 





WHAT TO DO 


. Review the positions in the advertisements. 
. Select those for which you qualify. LITTON SYSTEMS INC. 
. Notice the key numbers. Guidance & Control Systems Div. 
. Circle the corresponding key number below the Qualification Form. Woodland Hills, California 
. Fill out the form completely. PLEASE PRINT CLEARLY 
. Mail to: D. Hawksby, Classified Advertising Div., Control Engineering, 
Box 12, New York 36, N. Y. (No charge, of course). * This Advertisement appeared in the July issue. 


“'"""" GONTROL ENGINEERING MONTHLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 


Personal Background Education 
PROFESSIONAL DEGREE(S) 
MAJOR(S) 
UNIVERSITY 
DATE(S) 


FIELDS OF EXPERIENCE (Please Check) CATEGORY OF SPECIALIZATION 
C] Aerospace Control C) Guidance Systems C) Pneumatics re Sees eran, oaths 


experience on proper lines 


Technical Supervi 
C) Components C) Hydraulics ‘a Process Control eapertenee Exportenss 


(Months) 
RESEARCH (pure 
C7 Computer Design C] Industrial Control TC] Process fundamental, 
Instrumentation RESEARCH 
s Computer Application C7) Logic Design (Applied) 
= Computer Programming TC] Machinery Control (New Concepts) 
Simulation 
{_ | Control Theory ["] Man Machines U ma 
[_] Data Communication ["] Motor Control 
C) Display C) Nuclear L Sutteching 


(cut here) 





[_] Solid State Devices 


[7] Electronic Circuitry | [—] Numerical Controt — [_] Systems Analysis 
[_] Flight instrumentation [] Optics 


CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU 
1ZSPSAES COFFS 9 WVU 
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ANOTHER NEW PRODUCT FROM CPPC 





with LARGEST numerals (7) 
in the LEAST panel space 
Fe oe 
LATITUDE COUNTER 39100000—This miniature latitude 
counter provides latitude indications adding from 00°00'N 


to 89°59 N and stop in north presentation. With reversed ALL COUNTERS 


rotation of input shaft north flag (N) switches to south (S) SHOWN ACTUAL SIZE 
at 00°00’ and presentation then adds to 89°59’°S and stop. 


MAGNETIC VARIATION COUNTER 39300000—This miniature mag- . 

netic variation counter provides variation indications adding from LONGITUDE COUNTER 39200000—This miniature longitude counter provides 
000° to 179°W in west presentation. With continued rotation of in- longitudinal indications adding from 000°00° to 179°59'W in west presentation 
put shaft in same direction the west flag (W) switches to east (E) With continued rotation of input shaft in same direction the west flag (W 
and the presentation then subtracts from 179°E to 000°E. Con- switches to (E) and the presentation then subtracts from 179°59°E to 000°00'E 
tinued rotation shifts the flag back to west again and presentation Continued rotation shifts flag back to west again and the presentation is added 
is added at 000°W to 179°W. Reverse rotation reverses presentation, at 000°00'W to 179°59°W. Reverse rotation reverses presentation 


SPECIFICATIONS 


Miniature Mechanical Counters 
Latitude, Longitude and Magnetic Variation Series 


INPUT SPEED BEARINGS 


800 r.p.m. maximum intermittent; ABEC 5 stainless steel ball 
500 r.p.m. continuous bearings on all shafts 


INPUT TORQUE ppd maximum 
1.0 inches-ounces maximum at 25°C . , 
ROTATION 
Reversible with continuous one way rota- 
CROSSOVER TORQUE tion. Fifteen revolutions of input shaft 
° changes readings by 2°40’ for the lati- 
2.0 inches-cunces maximum at 25°C tude and longitude counters. Fifteen 
revolutions of input shaft changes read- 
MATERIALS ing by 160° for the variation counter. 


Housing: Black anodized aluminum NUMERAL SIZE 

Drums: Dially! Phthalate biack .250" high: .031” line width. White 
Internal parts and input shaft: characters on biack. 1,000 diameter 
Stainless steel wheels per MS-33558 (ASG). 


Engineers: Join the leader in the electromechanical components field. Write David U. Brown, Director of Personnel. 


CLIFTON PRECISION PRODUCTS CoO., INC. 


Clifton Heights, Pennsyivania 
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CIRCLE 180 ON READER SERVICE CARD 





ON & 


That’s the way it goes (“it” 
being the Ampex TM-2 digital 
tape handler). On and on, 
with hardly a pause for main- 
tenance. Completely new 
servo and tape guide systems 
give the TM-2 extremely long 
term performance stability. 
Improved vacuum buffer col- 
umns gently hold the tape 
supply and take-up loops. 
Specially developed inertia 
brakes give reliable stop times 
and short stop distances at 
high tape speeds. Start time 
of 2.0 ms and stop time of 1.5 
ms are consistent under the 
most rigorous programs. And 
the TM-2 has a 90 Kilocycle 
character transfer rate. Why 
not send for all the facts: 
Ampex Computer Products 
Company, P.O. Box 329, 
Culver City, California. 
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That’s the way it goes (“it” 
being the Ampex TM-2 digital 
tape handler). On and on, 
with hardly a pause for main- 
tenance. Completely new 
servo and tape guide systems 
give the TM-2 extremely long 
term performance stability. 
Improved vacuum buffer col- 
umns gently hold the tape 
supply and take-up loops. 
Specially developed inertia 
brakes give reliable stop times 
and short stop distances at 
high tape speeds. Start time 
of 2.0 ms and stop time of 1.5 
ms are consistent under the 
most rigorous programs, And 
the TM-2 has a 90 Kilocycle 
character transfer rate. Why 
not send for all the facts: 
Ampex Computer Products 
Company, P.O. Box 329, 
Culver City, California. 
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CIRCLE 181 ON READER SERVICE CARD 


That’s the way it goes (“it” 
being the Ampex TM-2 digital 
tape handler). On and on, 
with hardly a pause for main- 
tenance. Completely new 
servo and tape guide systems 
give the TM-2 extremely long 
term performance stability. 
Improved vacuum buffer col- 
umns gently hold the tape 
supply and take-up loops. 
Specially developed inertia 
brakes give reliable stop times 
and short stop distances at 
high tape speeds. Start time 
of 2.0 ms and stop time of 1.5 
ms are consistent under the 
most rigorous programs, And 
the TM-2 has a 90 Kilocycle 
character transfer rate. Why 
not send for all the facts: 
Ampex Computer Products 
Company, P.O. Box 329, 
Culver City, California. 
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That’s the way it goes (“it” 
being the Ampex TM-2 digital 
tape handler). On and on, 
with hardly a pause for main- 
tenance. Completely new 
servo and tape guide systems 
give the TM-2 extremely long 
term performance stability. 
Improved vacuum buffer col- 
umns gently hold the tape 
supply and take-up loops. 
Specially developed inertia 
brakes give reliable stop times 
and short stop distances at 
high tape speeds. Start time 
of 2.0 ms and stop time of 1.5 
ms are consistent under the 
most rigorous programs. And 
the TM-2 has a 90 Kilocycle 
character transfer rate. Why 
not send for all the facts: 
Ampex Computer Products 
Company, P.O. Box 329, 
Culver City, California. 

















AMPEX COMPUTER PRODUCTS COMPANY 











